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The invention is described in the following statement 



A M ETHOD AN D A PP A RATU S (N PAG EO 1 ) 
Field of the Invention 
The present invention relates to the field of information distribution and printing. 

Background of the Invention 
The background of the invention is detailed in the attached appendix A which also sets out a 
detailed description of the invention. 

Summary of the Invention 
It is an object of the present invention to provide an improved information distribution 

system. 

In accordance with a first aspect of the present invention, there is provided an information 
distribution system for distributing customized information on print media, the system comprising a first 
series of data collection units for collecting customizable data; a network interconnecting the data 
collection units with a series of customization output printers; a series of customization output printers 
comprising: a user identification means to identify a user of the customization output printer; a printer 
activation means to activate the customization output printer; a pagewidth printer element for printing 
customized booklets; such that, upon activation of the user identification means and the printer activation 
means, the data collection units download a current customized booklet for the user and the printer 
element prints out the customized booklet. 

The customization output printer can be arranged such that pages of the booklet are preferably 
fed through the printer from a top to bottom with the booklet being output at a bottom of the printer. The 
customization output printers can include a hopper located in the bottom thereof and the booklet can be 
gravity dropped into the hopper. The customization output printer further preferably can include a 
binding means for binding the pages of the booklet together. The binding means can comprise a fluid 
ejection device ejecting a glue onto a predetermined portion of substantially each page of the booklet. 
The binding means further can comprise compression means for compressing each page of the booklet 
together. 

The user identification means can comprise a fingerprint scanner. The pagewidth printer can 
comprise an elongated wall mounted unit. The data collection units utilize multicasting facilities in 
downloading data to the customization output printers which select stories from the data collection units 
depending upon user interest. The customization output printers utilize public key cryptography for 
access control with the data collection units. 

In accordance with a further aspect of the present invention, there is provided an information 
distribution system for distributing customized information on print media, the system comprising a first 
series of data collection units for collecting customizable data; a network interconnecting the data 
collection units with a series of customization output printers; a series of customization output printers 
comprising: a user identification means to identify a user of the customization output printer; a printer 
activation means to activate the customization output printer; a pagewidth printer element for printing 
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customized booklets; booklet collation means for collating the booklet; a print roll unit for storing rolls of 
print media for utilization for printing by the pagewidth printer element; such that, upon activation of the 
user identification means and the printer activation means, the data collection units download a current 
customized booklet for the user and the printer element prints out on the print roll unit pages of the 
5 customized booklet which are formed into a booklet by the booklet collation means. 

In accordance with a further aspect of the present invention, there is provided an interactive 
information distribution system comprising a series of interconnected data collection units for collecting 
information; an interconnected network; a series of printers for printing out information; a pen device 
including an image sensor for sensing an image area; wherein the image printed preferably can include a 

10 series of visually distinctive areas containing identification information such that, upon placing the pen in 
the vicinity of a visually distinctive area, the pen is activated to sense and decode the identification 
information, the identification information is forwarded to the distribution computers which in turn 
creates a further customized page for forwarding to a printer unit for printing on demand of a user. 
The identification information can be stored in conjunction with a user identification for 

15 determining likely future news items of interest to the user. The information preferably can include 
advertising customized in accordance with a users selection of particular identifiers. 

In accordance with a further aspect of the present invention, there is provided a news 
distribution system comprising a series of automated news collection units for collecting, collating and 
storing news stories; a distribution network for electronic distribution of news stories to a series of news 

20 printers; a series of news printers interconnected to the news collection units via the distribution network 
for printing out a collection of news stories on demand on print media; the printing out including the 
printing out of a series of detectable location markers on the print media; a handheld scanner unit adapted 
to scan the detectable location markers to determine a current scanning location on the print, media, the 
handheld scanner being interconnected to the distribution network for transmission of the current 

25 scanning locations to the automated news collection units; the automated news collection units utilizing 
the current scanning locations to determine customized future news stories to send to a user of the news 
printer. 

The detectable location markers are preferably substantially invisible to the human eye. The 
detectable location markers can comprise a regularly spaced grid in conjunction with a unique 
30 identifiable positional marker. 

The news stories are preferably page formatted by the automated news collection units and 
downloaded in a compressed form over the distribution network. The news stories are preferably 
composited together into a page by the news printers. 

The output printers are preferably double sided and included watermark data on images printed 
35 out, the watermark data being detected by means of interference between a front and back surface of the 
print media. 



J4486 (NPAGt£01) Silverbrook.doc25/05/^) 



- 4 - 



10 



In accordance with a further aspect of the present invention, there is provided a news 
distribution system comprising a series of automated news collection units for collecting, collating and 
storing news stories; a distribution network for electronic distribution of news stories to a series of news 
printers; a series of news printers interconnected to the news collection units via the distribution network 
for printing out a collection of news stories on demand on print media; the printing out including the 
printing out of a series of detectable location markers on the print media; a handheld scanner unit adapted 
to scan the detectable location markers to determine a current scanning location on the print media, the 
handheld scanner being interconnected to the distribution network for transmission of the current 
scanning locations to the automated news collection units; the automated news collection units utilizing 
the current scanning locations to determine customized future news stories to send to a user of the news 
printer. The handheld scanner unit can comprise a pen shaped unit. 

The system can further comprise a charging unit for placing the pen shaped unit in to recharge 
the pen shaped unit. The charging unit can be cup shaped. The charging unit preferably can include*-, 
communications unit adapted to register pens placed in the charging unit with the printer. The 
1 5 handheld scanner unit preferably can include a series of accelerometers to determine a path taken by the 
handheld scanner unit. The handheld scanner unit preferably can include signature recognition means for 
recognizing a signature pattern executed by a user of the scanner unit. The pen shaped unit preferably can 
include an activation light which changes color in accordance with the operation being carried out by the 
pen shaped unit. 

20 

Description Preferred in Other Embodiments 
The preferred embodiment of the present invention is as set out in the attached appendix 
A which provides for a detailed description of the implementation of an information distribution and 
printing system denoted NETPAGE. 

25 The ink J et technology utilized can be a wide pagewidth printing system as disclosed in 

the attached appendix B. 

Appendix C illustrates an example customized personal newspaper printed out by the 
NETPAGE system. 

Appendix D illustrates an example of NETPAGE interaction to order a series of 

30 hardware items. 

Appendix E illustrates an example of NETPAGE interaction to conduct an email 

interaction. 

It would be appreciated by a person skilled in the art that numerous variations and/or 
modifications may be made to the present invention as shown in the specific embodiments in the attached 
documentation without departing from the spirit or scope of the invention as broadly described in the 
attached appendices. The present embodiments are, therefore, to be considered in all respects to be 
illustrative and not restrictive. 



35 
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We Claim: 

1 . An information distribution system for distributing customized information on 
print media, said system comprising: 

a first series of data collection units for collecting customizable data; 
5 a network interconnecting said data collection units with a series of customization 

output printers; 

a series of customization output printers comprising: 

a user identification means to identify a user of said customization output printer; 

a printer activation means to activate said customization output printer; 
10 a pagewidth printer element for printing customized booklets; 

such that, upon activation of said user identification means and said printer activation 
means, said data collection units download a current customized booklet for said user and said printer 
element prints out said customized booklet. 

2. A system as claimed in claim 1 wherein said customization output printer is 
1 5 arranged such that pages of said booklet are fed through said printer from a top to bottom with the 

booklet being output at a bottom of said printer. 

3. A system as claimed in claim 2 wherein said customization output printers 
include a hopper located in the bottom thereof and said booklet is gravity dropped into said hopper. 

4. A system as claimed in claim 1 wherein said customization output printer 
20 further includes a binding means for binding the pages of said booklet together. 

5. A system as claimed in claim 4 wherein said binding means comprises a fluid 
ejection device ejecting a glue onto a predetermined portion of substantially each page of said booklet. 

6. A system as claimed in claim 5 wherein said binding means further comprises 
compression means for compressing each page of said booklet together. 

25 7. A system as claimed in claim 1 wherein said. user identification means 

comprises a fingerprint scanner. 

8. A system as claimed in claim 1 wherein said pagewidth printer comprises an 
elongated wall mounted unit. 

9. A system as claimed in any previous claim wherein said data collection units 
30 utilize multicasting facilities in downloading data to said customization output printers which select 

stories from. said data collection units depending upon user interest. 

10. A system as claimed in claim 1 wherein said customization output printers 
utilize public key cryptography for access control with said data collection units. 

11. An information distribution system for distributing customized information on 
35 print media, said system comprising: 

a first series of data collection units for collecting customizable data; 
- a network interconnecting said data collection units with a series of customization 
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output printers; 

a series of customization output printers comprising: 

a user identification means to identify a user of said customization output printer; 
a printer activation means to activate said customization output printer; 
a pagewidth printer element for printing customized booklets; 
booklet collation means for collating said booklet; 

a print roll unit for storing rolls of print media for utilization for printing by said 
pagewidth printer element; 

such that, upon activation of said user identification means and said printer activation 
means, said data collection units download a current customized booklet for said user and said printer 
element prints out on said print roll unit pages of said customized booklet which are formed into a 
booklet by said booklet collation means. 

12. An interactive information distribution system comprising: 

a series of interconnected data collection units for collecting information; 

an interconnected network; 

a series of printers for printing out information; 

a pen device including an image sensor for sensing an image area; 

wherein the image printed includes a series of visually distinctive areas containing 
identification information such that, upon placing the pen in the vercinity of a visually distinctive area, 
the pen is activated to sense and decode the identification information, the identification information is 
forwaded to said distribution computers which in turn creates a further customized page for forwarding to 
a printer unit for printing on demand of a user. 

13. A system as claimed in claim 12 wherein said identification information is 
stored in conjunction with a user identification for determining likely future news items of interest to said 
user. 

14. A system as claimed in claim 13 wherein said information includes advertising 
customized in accordance with a users selection of particular identifiers. 

15. A news distribution system comprising: 

a series of automated news collection units for collecting, collating and storing news 

stories; 

a distribution network for electronic distribution of news stories to a series of news 

printers; 

a series of news printers interconnected to said news collection units via said 
distribution network for printing out a collection of news stories on demand on print media; 

said printing out including the printing out of a series of detectable location markers on 

said print media; 

a handheld scanner unit adapted to scan said detectable location markers to determine a 
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current scanning location on said print media, said handheld scanner being interconnected to said 
distribution network for transmission of said current scanning locations to said automated news collection 
units; 

said automated news collection units utilizing said current scanning locations to 
5 determine customized future news stories to send to a user of said news printer. 

16. A system as claimed in claim 15 wherein said detectable location markers are 
substantially invisible to the human eye. 

17. A system as claimed in claim 15 or 16 wherein said detectable location 
markers comprise a regularly spaced grid in conjunction with a unique identifiable positional marker. 

10 18. A system as claimed in claim 15 wherein said news stories are page formatted 

by said automated news collection units and downloaded in a compressed form over said distribution 
network. 

i*^„-.19.„ n - A system as claimed in claim 15 wherein said news stories are composited 
together into a page by said news printers. 
15 20. A system as claimed in claim 15 wherein said output printers are double sided 

and included watermark data on images printed out, said watermark data being detected by means of 
interference between a front and back surface of the print media. 

21. A news distribution system comprising: 

a series of automated news collection units for collecting, collating and storing news 

20 stories; 

a distribution network for electronic distribution of news stories to a series of news 

printers; 

a series of news printers interconnected to said news collection units via said 
distribution network for printing out a collection of news stories on demand on print media; 
25 said printing out including the printing out of a series of detectable location markers on 

said print media; 

a handheld scanner unit adapted to scan said detectable location markers to determine a 
current scanning location on said print media, said handheld scanner being interconnected to said 
distribution network for transmission of said current scanning locations to said automated news collection 
30 units; 

said automated news collection units utilizing said current scanning locations to 
determine customized future news stories to send to a user of said news printer. 

22. A system as claimed in claim 21 wherein said handheld scanner unit 
comprises a pen shaped unit. 

35 23. A system as claimed in claim 22 further comprising: 

a charging unit for placing said pen shaped unit in to recharge said pen shaped unit. 
24. A system as claimed in claim 23 wherein said charging unit is cup shaped. 
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25. A system as claimed in claim wherein said charging unit includes a 
communications unit adapted to register pens placed in said charging unit with said printer. 

26. A system as claimed in claim 2 1 wherein said handheld scanner unit includes a 
series of accelerometers to determine a path taken by said handheld scanner unit. 

5 27. A system as claimed in claim 2 1 wherein said handheld scanner unit includes 

signature recognition means for recognizing a signature pattern executed by a user of said scanner unit. 

28. A system as claimed in claim 22 wherein said pen shaped unit includes an 
activation light which changes color in accordance with the operation being carried out by said pen 
shaped unit. 

10 29. A network news distribution system substantially as hereinbefore described 

with reference to the attached appendices. 

30. A network news distribution system as claimed in any previous claim when 
utilizing an ink jet print head having a series of spaced apart thermal bend actuators for the ejection of 
ink. 
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1 Introduction 

Netpages are pages of high-quality text, graphics and images printed on ordinary paper, 
but which work almost like an interactive Web pages. Information encoded on each page 
in invisible ink is picked up by an optically-imaging pen and transmitted to the network. 
Active "links" and "buttons" on each page can be "pressed" with the pen to request infor- 
mation from the network or signal preferences to a server. Text written by hand on a 
Netpage is automatically recognized via the pen, allowing forms to be filled in. Signatures 
recorded on a Netpage are automatically verified, allowing e-commerce transactions to be 
securely authorized. 

The pen works in conjunction with a Netpage Printer, an Internet-wired printing appliance 
for the home or office. The pen is wireless and communicates with the Netpage Printer 
using an encrypted radio frequency signal. 

The Netpage Printer delivers, periodically or on demand, personalized newspapers, maga- 
zines, brochures and other publications, all printed at high quality on interactive Netpages. 
Unlike a personal computer, the Netpage Printer is an appliance typically wall-mounted in 
the kitchen or near the breakfast table, i.e. the place where the morning news is first con- 
sumed, and the household's point of departure for the day. It also comes in a low-power, 
wireless, portable model. 

Netpages printed at their point of consumption combine the ease-of-use of paper with the 
timeliness and interactivity of an interactive medium. 

Netpages are crucially enabled by Memjet printing technology, which makes high-speed 
magazine-quality printing affordable to consumers. A Netpage publication has the physi- 
cal characteristics of a traditional news magazine, i.e. a set of letter-size glossy pages 
printed in full color on both sides, bound together for easy navigation and comfortable 
handling. The Netpage Printer prints 60 to 90 full-color Netpages per minute. 

The Netpage Printer exploits the growing availability of broadband Internet access. Cable 
service is available to 95% of households in the United States [87], and cable modem ser- 
vice offering broadband Internet access is already available to. 20% of these [8]. The 
Netpage Printer also operates with slower connections, but with longer delivery times and 
lower image quality. 

Netpage Publication Servers on the Internet deliver print-quality publications to Netpage 
Printers. Periodical publications are delivered automatically to subscribing Netpage Print- 
ers via pointcasting and multicasting Internet protocols. Personalized publications are fil- 
tered and formatted according to individual user profiles. 

A Netpage Printer supports any number of pens, and a pen can work with any number of 
Netpage Printers. Each pen has a unique identifier. By default, a Netpage Pen identifies a 
particular user mostly by convention. A household may have a collection of colored 
Netpage Pens, one assigned to each member of the family. This allows each user to main- 
tain a distinct profile with respect to a Netpage Publication Server. A Netpage Pen can 
also be registered with an Identity Server and linked to one or more payment card 
accounts. This allows e-commerce payments to be securely authorized using the Netpage 
Pen. The Identity Server compares the signature captured by the Netpage Pen with a previ- 
ously registered signature, allowing it to authenticate the user's identity to the e-commerce 
system. Other biometrics can also be used to verify identity. A version of the Netpage Pen 
includes fingerprint scanning, verified in a similar way by the Identity Server. 
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Although a Netpage Printer delivers periodicals such as the morning newspaper without 
user intervention, it never delivers unsolicited junk mail. It only delivers periodicals from 
subscribed or otherwise authorized sources. The Netpage Printer is unlike a fax machine 
or e-mail account which is visible to any junk mailer who knows the telephone number or 
email address. 



There are a number of advantages to publishing to Netpage Printers. The magazine quality 
of Netpage Printer output makes it a more attractive publishing and advertising medium 
than both traditional newsprint and computer screens. 

The cost of paper and ink consumption is transferred to the user. Subscription fees can be 
eliminated entirely in lieu of the user taking on this extra cost, and the user thus perceives 
a better-value product. The erratic price of newsprint is removed from publishers 1 profit 
equations, resulting in more stable margins. A new market for paper and ink consumables, 
with its own margins, is created. 

The cost of consumables can be selectively subsidized, for example when non-editorial 
publications such as product brochures and account statements are printed. 

Capital and maintenance expenditure on printing plant is effectively transferred to the 
user, although the perceived expense is small because Netpage Printers are sold at close to 
cost or given away to encourage adoption, subsidized by future advertising profits. Main- 
tenance can also be subsidized or its cost included in a longer term service agreement. 

Costly physical distribution is replaced by electronic distribution via a preexisting and 
widely subscribed network - the Internet. 

Both the editorial and advertising content of publications delivered via the Netpage Net- 
work can be customized for each user. Editorial content can be personalized according to 
the user's profile. Advertising can be localized to the user's locality and optionally tar- 
geted to the user's demographic. 

A personalized publication can be a small fraction of the size of its traditionally-delivered 
counterpart, yet contain the same amount of information relevant to the user, and in a more 
accessible form. The user appreciates the more efficient and digestible publication. 

Localized advertising can be targeted to more specific localities and their associated 
demographics, and this allows advertising space to be exploited more efficiently, i.e. with 
less waste. Advertisers are constantly pressing traditional publishers for greater localiza- 
tion, something which they have great difficulty delivering cost-effectively. 

By revealing personal information such as age, gender, marital status, income, profession, 
education, etc., the user can allow the advertising to be more carefully targeted. In return 
they can receive greater subsidies and discounted product offers. As advertising becomes 
more targeted, it becomes less of a nuisance and more of a service in itself. 

Although the publication's per-page circulation figures fall drastically, the publication's 
actual per-section readership is preserved, and the correspondingly higher advertising 
rates for personalized delivery can exactly compensate for this. 
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Advertising delivered via the Netpage Network has the dual benefits of print and online 
delivery 7 . Print supports the impact of large-format ads. Online delivery supports customi- 
zation, linking, and measurability, and consequently online charging models- 
Consider a full-page advertisement for a new car model in a news magazine delivered via 
the Netpage Network. The advertising campaign can be national or even internationaL 
The ad only appears if compatible with the user's demographic, either implied by their 
ZIP code or more explicitly by their personal details. Anyone who requests a product bro- 
chure via the on-ad button receives one immediately via their Netpage Printer, customized 
with a list of local dealers. If they press a particular dealer's "contact me" button in the 
brochure, the dealer receives a message via the system and contacts the user by telephone. 

The publisher profits in the normal way by selling the advertising space, but can also 
profit by receiving a fee on the "click-through" to the brochure, and a commission on any 
product sale which eventuates. 

The Netpage Network promises to be the most effective advertising medium ever con- 
ceived. It combines the editorial and print quality of traditional publications with arbi- 
trarily finely targeted advertising, and provides a direct link between advertising, product 
information, and purchasing. Added revenue from click-through fees and e-commerce 
commissions may even allow users' costs - printer, ink, paper, and Internet access - to be 
fully subsidized. 
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2 The Demise of Paper 

Online publication has many advantages over traditional paper-based publication. From 
the consumer's point of view, information is available on demand, information can be nav- 
igated via hypertext links, information can be searched, and information can be automati- 
cally personalized. 

From the publisher's point of view, the costs of printing and physical distribution are elim- 
inated, and the publication becomes more attractive to the advertisers who pay for it 
because it can be targeted to specific demographics and linked to product sites. 

Online publication also has a few disadvantages. Computer screens are inferior to paper. 
At the same quality as a magazine page, an SVGA computer screen displays only about a 
fifth as much information 1 . Both CRTs and LCDs have brightness and contrast problems, 
particularly when ambient light is strong. Ink on paper, being reflective rather than emis- 
sive, is both bright and sharp in ambient light. 

Faced with reading more than the most trivial amounts of text on a screen, most people 
prefer to print it before reading it. Increasingly, online publishers are recognizing this and 
providing information in formats suitable for printing. At one extreme this means provid- 
ing text-only versions of documents so they print efficiently, i.e. without imposing a 
screen format on the printed page; at the other extreme it means providing formatted ver- 
sions of documents - e.g. in Adobe's Portable Document Format (PDF) - so they print at 
high quality. 

Editorial content is often compromised to fit the online medium and the habits of the peo- 
ple who frequent it, who tend to browse rather than read. Although powerful new advertis- 
ing models become possible, it becomes more difficult to deliver effective advertisements. 

To truly enable online publication, many people envisage a universal information appli- 
ance - a lightweight portable "tablet" with a page-size touch-sensitive color display and a 
high-bandwidth wireless connection to the Internet. First proposed by Xerox PARC's Alan 
Kay in the mid 1970s in the form of the "Dynabook", and partially realized in recent 
paperback-sized electronic books, even Bill Gates is now confidently predicting that such 
a device will soon augur the death of paper publications [28]. 

To achieve low power consumption, low weight, and paper-like display quality, a bistable 
reflective display technology is required. Several candidates are now emerging from . the 
labs, including Kent Display's cholesteric LCD technology (chLCD) [47], Xerox' "Gyri- 
con" rotating ball technology [36], and E Ink's electrophoretic technology [24,67]. 
ChLCD is arguably closest to practical deployment [23 J . 

Next-generation cellular phone networks promise 2Mbps packet switching [25], compara- 
ble to the broadband access people are getting used to in cable networks [63]. Satellite net- 
works, while offering or promising still higher speeds [39,72,93], require receivers 
difficult to deploy in mobile devices. 

Beyond the vision of the basic tablet, E Ink imagines its digkal ink "printed" onto a num- 
ber of flexible pages bound into a book, preserving the physical navigability of a 
paper-based publication, and approaching its low cost, but allowing the pages to be rewrit- 



I . Assuming a magazine page has an equivalent digital resolution of 200 continuous-lone pixels per inch. 
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ten electronically in place. They optimistically predict newspapers delivered in this way 
within five years [ 1 7]. despite fundamental problems yet to be overcome [23]. 

The advantages of a tablet are many. Unlike a desktop or notebook computer, a tablet may 
actually provide a pleasant reading experience. Unlike a paper publication, a tablet pro- 
vides intelligent access to an unlimited amount of information; its weight is not dictated 
by the amount of information it carries. More than just an information appliance, it can 
also act as a multi-purpose multimedia communications device and interactive entertain- 
ment device. 

A tablet has disadvantages too. It uses batteries which run down and have to be recharged, 
it may break when dropped or malfunction when exposed to hot coffee. It's not quite 
cheap enough to be disposable - so there's still a problem if it's misplaced or stolen. It has 
a "user interface" which has to be learned. The leading candidate display technology - 
chLCD - is still less than half as reflective (i.e. "bright") as paper. 

The drawbacks of traditional paper-based publications have little to do with paper itself, 
and much to do with how the information gets onto the printed page. The economics of 
centralized printing and distribution prevent the kind of information selection, personal- 
ization and navigation people have come to expect from interactive electronic media such 
as the Internet. The inefficiency of printing and distributing a hundred-page newspaper to 
a customer who may read only a few pages is widely decried. 

Given a technology such as Memjet, it becomes economic to print high-quality publica- 
tions at their point of consumption rather than at their point of production. The Netpage 
Printer leverages Memjet to deliver personalized publications to the home, gaining many 
of the advantages of online publication, while retaining the ease-of-use of high-quality 
printed ink on paper. 

Netpages and the Netpage Printer address the key problems of online publication, without 
relying on the development and consumer acceptance of a new reading device. 
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3 News and Advertising Trends 



3.1 Newspapers 

People obtain news from a variety of sources - network and cable television, radio, daily 
newspapers, and weekly newsmagazines. In the United States, although the various news 
media are healthy and profitable, per capita news consumption is somewhat in decline as a 
new generation of young adults have less time to read and favor television entertainment 
over news [18]. Yet six out often adult Americans read a newspaper every day [77]. 

The United States has about 1500 daily newspapers with a total circulation of 57 million. 
Just the top ten "national" dailies (Wall Street Journal, USA Today, New York Times, Los 
Angeles Times, Washington Post, etc.) account for a circulation of 10 million. The major 
weekly newsmagazines (Time, Newsweek, U.S. News) have a similar (weekly) circula- 
tion of about 10 million. 

In 1997, newspaper companies' revenue exceeded $24 billion, a five-year high, and mar- 
gins nudged 20% [52], due both to increased spending on advertising and to reduced 
prices of newsprint. 

Television and radio, by their nature, excel at delivering breaking news. Newspapers and 
newsmagazines, on the other hand, deliver the depth and analysis behind the headlines. 
Broadcast news in isolation does a poor job of informing the public. The more local the 
news is, the poorer the broadcast coverage, and the greater the public's dependence on 
newspapers. 

Newspaper content and packaging has evolved considerably since the 1970s. News is 
somewhat softer, news stories are shorter and more well-written, there are more feature 
articles, and there is more editorial and reader opinion. Newspapers are more structured. 
Identifiable sections make them more accessible, and provide greater focus for advertis- 
ers. Much special-interest content has migrated from daily inclusion to weekly sections. 
These cover topics such as lifestyle, personal finance, entertainment, technology, etc. The 
proportion of graphics and pictures is greater. Color is widely used. Newspapers are easier 
to use and more entertaining than ever before, if at the expense of some "hard" news. 

Daily newspapers are growing increasingly dependent on the various wire services. A 
newspaper may excel at local and regional news, but rely on the major wires (Associated 
Press and United Press International) for national and international news, the so-called 
"supplemental" wires (LA Times/ Washington Post, NY Times, Scripps-Howard, 
Knight-Ridder Tribune, etc.) for specific strengths (and value-for-money), and the interna- 
tional wires (Reuters etc.) for international perspective. A growing number of newspapers 
operate more as news aggregators than news gatherers. 

Advertising typically contributes more than 75% of newspaper and magazine revenue, 
while subscriptions contribute less than 25% [31,73,74]. National advertising makes up 
roughly 14% of advertising spending, retail advertising 46%, and classified advertising 
40% [74]. 

Advertisers are pursuing increasingly specific targeting, favoring quality newspaper read- 
ership over raw circulation [27], and using more targeted media where possible. Maga- 
zines, for example, have more specific readerships than newspapers, free "shoppers" are 
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very localized by their nature, while direct mailers can target demographics based on indi- 
vidually-categorized ZIP codes, or databases of individuals. 

Newspapers have responded with geographically zoned editions to support local advertis- 
ing, and greater sectioning of their product. They have also expanded their page counts to 
provide more advertising scope, despite erratic newsprint prices in the 1990s [3]. 

Despite this, there is ongoing conflict between newspapers' mass distribution model, and 
advertisers' need for micro-targeting [30]. This conflict, coupled with advertisers' desire 
for higher-quality printing of color images, is motivating a shift from run-of-press (ROP) 
advertising to inserts [74]. 

3.2 Online News Delivery 

Fearing the online migration of advertising, traditional news publishers from both broad- 
cast and print have ventured into Internet- based news delivery, wanting to establish a pres- 
ence at whatever cost before newcomers become entrenched. Most newspapers are still 
reporting losses from their online operations [74]. 

Online news delivery offers a number of advantages. Breaking news can be delivered as 
soon as it happens. News can be customized for individual readers according to their pref- 
erences and geographic locations. Readers can explore stories to arbitrary depth, follow 
links to related resources, and search archival material. Readers can participate in discus- 
sion groups and contribute to opinion polls. The news itself can incorporate audio and 
video clips, and can include live transmissions, converging with broadcast. 

Online news delivery also has disadvantages. Computer screens are of limited size and 
quality compared with print. Few people enjoy reading a story of any length on a com- 
puter screen. Computers are not portable in the wide sense that a newspaper is. The news 
may be more timely, but the time and place in which it can be consumed are more con- 
strained than with a newspaper. 

Despite the power of hypertext, many online readers express a preference for a linear pre- 
sentation, "where they [can] skim one section after another until the presentation [is] 
exhausted" [10]. Interestingly, a majority of traditional newspaper readers admit they scan 
every page in the main section of the newspaper [77], looking for items of interest without 
necessarily knowing what they're looking for, and achieving some kind of closure at the 
end. Online hypertext, by contrast, is both a limitless resource and a bottomless pit. 

While traditional news publishers such as The New York Times can deploy full editorial 
content online [94], newcomers such as Yahoo typically only provide "raw" news items 
sourced from the wire services [70]. 

A recent survey indicates that 21% of the 74 million Internet users in the United States 
regularly read news online as an alternative to traditional print and broadcast sources, and 
16% obtain a major proportion of their news online [78]. More broadly, between 37% and 
64% of the Internet population reads news online at least once a week. The fluctuations in 
the figures are related to what may be happening in the news. Major or breaking news sto- 
ries attract more users - 46% of Americans say they only follow national news stories 
when "something major is happening" [26].. 

With 41% of Americans online, the Internet population has become mainstream, and the 
weather has become the most popular news online. This is closely followed by technology 
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news, entertainment news, and local news. As one observer puts it, all of this "sound[s] 
like the 6 o'clock news" [78]. As a reflection of these habits, the online audience share of 
national newspapers has diminished from 23% in I995 to 16% in 1998, while the online 
audience share of broadcast TV sites has grown. 



At its simplest, advertising alerts a motivated customer to the availability of a product, 
possibly at a competitive price. At a more sophisticated level, advertising seeks to influ- 
ence future purchasing decisions by creating brand awareness. Ultimately, advertising 
seeks to create desire for a product even when actual need is absent. 

Advertising prices are traditionally based on how many people see the advertisement, and 
their spending power in relation to the product. In practice, the more homogeneous the 
demographics of the audience, the easier it is to match to a product, and hence the higher 
the corresponding advertising cost per thousand (CPM). Broadcast media use ratings and 
timeslot demographics to set advertising rates. Print media use audited circulation figures 
and sectional readership demographics. 

The simplest online advertising model is also based on how many people see the ad. 
Online this has the advantage of being based on solid numbers, since the number of 
"impressions" of a particular Web page can be counted exactly. 

The specific advantage of an online ad, however, is that the ad itself can measurably cap- 
ture a sales lead by acting as a link to a product site. The product site may simply provide 
more product information in the form of specifications, pricing, and ordering details. It 
may also support immediate online ordering, thus completing the link from ad to sale. 
Beyond providing simple ad exposure, it is this measurable linking of advertisement to 
sales lead or sale which is the strength of online advertising [84]. Cost per click (CLC) 
charging is gaining acceptance but is still controversial. 

Beyond CLC, there exists the possibility of paying a commission to the ad host on any sale 
that actually eventuates [88]. Amazon.com is probably the best-known example of a com- 
pany paying commissions to other sites in this way. 

The broader advantage of online advertising is that advertising can be localized and tar- 
geted arbitrarily finely, in conjunction with the publication of online content such as news. 
This is the strategy pursued by online advertising agencies such as Click-Through [15], 
which acts as the middle-man between advertisers and online content publishers. They 
expect online advertising to represent more than 10 percent of all advertising revenue by 



Since online ads are necessarily small-format, they communicate best with motivated cus- 
tomers already on the look-out for a particular product or service. Online ads are less 
suited to building brand awareness or creating buying desires, since the real substance of 
the advertisement - the product Web site - is a click away from the initial small-format ad. 
A small-format online ad can't provide the single-hit emotional impact of a large-format 
print ad, and conversely, the online world can't support the large-format ads that print can. 

So-called interstitial ads, which appear full-screen when traversing from one page of 
information to the next, go some way to providing a medium for larger-format ads online 
[88]. User resistance, however, seems to be preventing their widespread use. 



3.3 



Online Advertising 



2001. 



Confidential 



23 May 1999 



9 



Silverbrook Research 



Netpage System Design Description 



preliminary v0.1 



3.4 Online Classified Advertising 

Classified advertising is indisputably suited to online delivery* Unlike their traditional 
printed counterparts, online classifieds can be easily searched, and are not subject to space 
constraints. The online migration of classified advertising is considered a serious threat to 
newspapers' classified advertising profits [90], and some newspapers are building an 
online presence for this reason alone. Some observers predict as much as 50% of classified 
advertising revenue moving online within the next ten years [ 1 06]. 

Another problem faced by newspapers, who rely on classifieds for up to 40% of advertis- 
ing spending, is that many newcomers are offering free online classified advertising as a 
way of building a venue for non-classified advertising. 
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4 News Personalization 

From the reader's point of view, a personalized news publication can provide more infor- 
mation in fewer pages. The actual form this personalization takes, however, is not neces- 
sarily obvious. 

The MIT Media Lab's News in the Future (NiF) project has been championing the. concept 
of "The Daily Me" for almost two decades [65]. Nicholas Negroponte, one of the project's 
founders, envisages a highly personalized news publication which is no longer driven by 
"what other people think is news" [71]. By way of examples close to his own needs, it 
includes news about people and places about to be encountered, and puts u the most impor- 
tant [news] of all" - a summary of e-mail - on the front page [6]. Negroponte recognizes 
the need to vary the degree of personalization, advocating a higher "serendipity factor" on 
a lazy Sunday than on a working weekday. 

The opposing view holds that the value of a news publication lies precisely in its shared 
nature. It reflects the common concerns and values of a community of readers, and estab- 
lishes a baseline of expectations of what they are all supposed to know [97]. As a conse- 
quence, the publication also speaks with a consistent editorial voice and with consistent 
assumptions about the reader's level of background knowledge. Such a shared publication 
allows its readers to orient themselves in relation to their community. 

NiF's Walter Bender answers the charge (in his own words) of "The Daily Me engender- 
ing a fragmented world populated by self-interested myopes", by stressing the possibilities 
of personalizing individual news items [4]. This can consist in varying the depth of an 
item, or supplementing it with background information, based on the reader's level of 
knowledge. It can involve interpreting information relative to the reader's background, 
such as (somewhat dubiously) making value judgements about the weather relative to the 
reader's normal home town weather. It can also be as simple as using metric rather than 
imperial units. 

FishWrap [10,66], MIT's personalized campus newspaper and NiF's latest offering, goes 
further by creating a front page whose content represents an explicit community consen- 
sus. Each front page news item is prioritized according to the number of readers who put it 
forward for inclusion. The rest of the newspaper is still personalized according to each 
reader's profile, consisting of reader-defined sections containing topics of interest. 

There are two implications of recognizing the shared nature of news. Firstly, some news is 
news to everybody in a community, no matter how personalized they claim they would 
like their news to be. This implies that the community must make decisions about news 
item priority, either directly (as in FishWrap) or indirectly via a proxy (i.e. an editor). 

Secondly, a news item can only be properly understood in the context of the community 
for which it is intended. This implies that a news item must be branded with its source 
(assuming that the source implies the intended target). As an example, it is significant 
whether a news item regarding the proof of Fermat's last theorem is branded with New 
Scientist or The New York Times. To a professional mathematician, the latter implies, by 
its very existence, that the proof is of significance beyond the scientific community. 

Of course, a news item must also be branded to allow its source to build and maintain its 
brand. The brand then allows the reader to infer the quality of the news item from the 
known quality of the source. 
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Most personalization of news uses feature-based filtering. This means that news item con- 
tent is matched to topics and keywords in the reader's profile. News sources tag the items 
they produce with various information to allow them to be effectively filtered. This tag- 
ging may be brief or extensive, and may include such things as news item urgency, byline, 
news category, subject(s), keyword(s), date and time, and location [43]. The body text of a 
news item can also be scanned directly for keywords, but this may result in false matches 
if keywords are interpreted out of context. Items in the text such as personal names and 
locations can be tagged to reduce such ambiguity [43], Similarly, dates, times, and mone- 
tary amounts can be tagged to allow localized presentation. 

Feature-based filtering suffers from a number of problems. Filtering based on tags is only 
as good as the original tagging. The latest tagging standards are only just beginning to be 
adopted [7]. Filtering based on the text itself is constrained by the intelligence of the text 
parsing. If based simply on keyword matching, it can be both inaccurate, generating false 
matches because of word sense ambiguity, and imprecise, generating false mismatches 
because of a lack of inference. 

Feature-based filtering is incapable of discerning more abstract attributes such as quality, 
style, and point-of-view (unless they're indicated by tags). And since it only matches 
items anticipated by the user's profile, it is a poor generator of serendipitous Finds. 

Fish Wrap's front page comes into existence based on a crude form of collaborative filter- 
ing. In its broader form, collaborative filtering involves sharing recommendations (or rat- 
ings) among like-minded people [86]. This means that one person's ratings influence 
another person if and only if the two share similar interests, i.e. they have similar rating 
histories. Collaborative filtering overcomes many of the problems of feature-based filter- 
ing, since ratings originate with people who have digested the items in question, rather 
than from automated analysis of the items. Collaborative filtering sidesteps the issue of 
explaining why a person might like a particular item. 

Collaborative filtering has problems of its own. The system only works if people are will- 
ing to contribute ratings. In contributing ratings, of course, they are both doing the com- 
munity a service and tuning their own interest profiles. The statistical error in correlating 
people's interests decreases as the number of ratings increases. However, incentives may 
have to be offered to encourage people to contribute ratings. 

To bootstrap the accumulation of ratings for new items, an independent mechanism must 
exist to distribute them to a critical mass of people. Conversely, to bootstrap the accumula- 
tion of interest profiles for new users, an independent mechanism must exist to distribute a 
critical mass of items to them. 

To allow meaningful accumulation of ratings, a sufficient period of time must be allowed 
to elapse. This may conflict with the timely delivery of items in question. 

The statistical correlation between different people's interests, represented by their rating 
histories, is most meaningful when the ratings apply to homogeneous items. For a set of 
heterogeneous items, collaborative filtering is best applied to homogeneous subsets. 

In a news setting, collaborative filtering is best applied to feature articles. Features have 
the longer life span required to support the accumulation of ratings, and are often appreci- 
ated for abstract qualities best singled out by collaborative filtering (good writing, humor, 
incisiveness, etc.). 
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Naturally, the larger a publication's readership, and the better its taste in relation to a 
potential reader, the stronger the publication's brand will appear to that reader. 

Although it's easy to become preoccupied with automatic filtering, in reality there's more 
to editing the news than just filtering news feeds. An editor also solicits news, commis- 
sions analysis, and offers opinion, ideally ensuring that the publication offers a balanced 
and complete view of the world. 

Perhaps the most important personalization step a reader takes is in selecting a particular 
publication from a set of available publications, based on its perceived quality and rele- 
vance. 

Thus the publication's brand equates to the highest-level and most useful filter of all. 
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5 Netpage System Architecture 



5.1 The Internet 

The Internet is a worldwide collection of interconnected networks which communicate 
using the TCP/IP protocol suite [89]. A TCP/IP-based internetwork not connected to the . 
Internet is often referred to as an internet (i.e. with a lower-case M'). When an internet is 
deployed within an organization, it is often termed an intranet. 

Access to the Internet is widespread in developed countries. In the United States, for 
example, 41% of the population has access to the Internet [78]. 

While most consumers still access the Internet via low-speed dial-up modems connected 
to the switched telephone system, inexpensive broadband access is becoming available to 
a growing number of households via the cable networks. Cable service is available to 95% 
of American households [87], and cable modem service is available to a 20% subset [8]. 
While dial-up modems offer speeds of up to 56Kbps, cable modems offer practical speeds 
of up to about 3Mbps 1 , i.e. over 50 times faster. 

DSL (Digital Subscriber Line) [11,12], while offering similar speeds to cable modems but 
via the telephone system, is not yet widely used. ISDN (Integrated Services Digital Net- 
work), although widely used for corporate access, has had little consumer impact due to its 
high price and comparatively low performance. 

The deployment of third-generation (3G) cellular telephony within the next few years will 
bring practical mobile broadband speeds of 2Mbps [25]. 3G cellular uses WCDMA (wide- 
band code-division multiple access), a spread-spectrum technology. Satellite systems are 
arguably closer to offering even faster broadband Internet access [39,72,93]. 

The core of the Internet is made up of a number of independent high-speed fiber-optic net- 
works connected into NAPs (Network Access Points) or peered directly. These have until 
recently used single-wavelength TDM (Time-Division Multiplexing) SONET (Synchro- 
nous Optical Network) transmission systems which utilize about 1% of an optic fiber's 
capacity to yield a 2.5Gbps OC-48 channel 2 . Carriers are now beginning to deploy 
multi-wavelength DWDM (Dense Wavelength-Division Multiplexing) systems which 
yield up to 40 such channels per optic fiber, thus increasing network capacity significantly 
without requiring the laying of more fiber [9,53]. Internet architects are therefore now 
contemplating aggregate capacity in the terabit (Tbps) range. 

The Internet uses the four-layer TCP/IP protocol suite. The application layer provides var- 
ious end-to-end application services, and is a client of the transport layer which provides 
end-to-end delivery services. The transport layer in turn is a client of the network layer 
which provides packet routing. The network layer is a client of the link layer which encap- 
sulates specifics of the protocols and hardware of the actual communications links. 

The core Internet transport protocol, TCP (Transmission Control Protocol), provides a 
reliable end-to-end delivery service. The core Internet network protocol, IP (Internet Pro- 
tocol), provides an unreliable and connectionless packet routing service. IP may lose or 



1. Although the cable supports 30Mbps and the cable modem theoretically supports 1 0Mbps. 

2. SONETchannels have ah OC-w designation, where OC stands for Optical Carrier, and n gives the channel speed in 
units of about 52Mbps. An OC-48 channel therefore has a speed of about 2.5Gbps. 
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deliberately discard packets, and may deliver packets out of order, and it is the responsibil- 
ity of a higher layer to provide a reliable end-to-end service. 

With the proliferation of streaming media services on the internet, support for multicast is 
spreading rapidly. Multicast is a form of broadcast with a specific set of recipients. It 
makes efficient use of network capacity because a packet traverses a network link once 
rather than once per recipient. It is particularly efficient if the recipients are connected to 
the Internet via an intrinsically broadcast medium such as cable or satellite. The ©Home 
cable network has successfully enabled multicasting of streaming media services [50]. 

IP Multicast is an extension of IP, and so is unreliable. While this is often acceptable for 
time-critical data such as streaming video, it may not be acceptable for other shared data 
types. Significant effort is being expended to develop reliable multicast transport proto- 
cols on top of IP Multicast. Although several reliable multicast protocols are available and 
have been deployed [56,57,40,41], the Internet standardization process is incomplete [42]. 

5,2 Netpages and Netpage Documents 

Netpages are the foundation on which a Netpage Network is built. They provide a 
paper-based user interface to published information and interactive services. 
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Figure 1. Netpage Document structure 

Each Netpage consists of a compact page layout maintained persistently, by a Netpage 
Page Server. The page layout refers to objects such as images, fonts and pieces of text, 
typically stored elsewhere on the Netpage Network. 

Netpages are organized into Netpage Documents. Both Netpages and Netpage Documents 
are assigned globally unique identifiers. 
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Each Netpage Document has a set of document instances, each of which describes a 
printed instance of the document. Each Netpage in the Netpage Document has a corre- 
sponding set of page instances, each of which describes a printed instance of the page. 
Both page instances and document instances are assigned globally unique identifiers. 
They are also uniquely associated with the printer on which they are printed, and the pen 
which initiated the print request, if known. 

Each page instance maintains a set of user-supplied values for fields in the page layout. 
This ensures that user input is captured and stored independently for each page instance. 
The separation of page instances and Netpages is crucial for pages which contain input 
fields, i.e. forms. It is not crucial for pages devoid of input fields, but still useful because it 
supports independent auditing of each page instance. 

The physical page image includes encoded information which identifies the page instance 
and hence the Netpage to which it corresponds. It also includes encoded information 
which superimposes an addressable spatial grid over the page image, to allow pen actions 
performed relative to the page image to be correlated with the contents of the page layout. 

The encoded information is normally printed in infrared-absorptive ink on any normal 
paper substrate which is infrared-reflective. Near-infrared wavelengths are invisible to the 
human eye but are easily sensed by a solid-state image sensor with an appropriate filter. 

The encoded information is picked up by an infrared-imaging pen and transmitted to the 
associated Netpage Printer. The pen is wireless and communicates with the Netpage 
Printer using an encrypted radio frequency signal. 

The encoded information is organized as a set of tags, each containing both the id of the 
page instance and the position of the tag. The tags tile the entire page image, and are suffi- 
ciently small and densely arranged that the pen can reliably image at least one tag even on 
a single click on the page. It is important that the pen recognize the page instance id and 
position on every interaction with the page, since the interaction is stateless. 

The tags are error-correctably encoded to make them resilient to errors introduced by dirt 
on the page or during the imaging process. 

Memjet-based Netpage Printers are designed to print a tag grid using infrared (|R). ink. 
Printers not enabled for IR printing have the option to print tags using IR-absorptive black 
ink, although this restricts tags to otherwise empty areas of the page. Although such pages 
have more limited functionality than IR-pririted pages, they are still classed as Netpages. 



A Netpage Network consists of a distributed set of Netpage Publication Servers, Netpage 
Page Servers, and Netpage Printers connected via an internet. In technological terms this 
document describes any Netpage Network. In business terms it usually refers to the 
Netpage Network connected via the Internet. 

As indicated above, a Netpage Page Server maintains persistent information about 
Netpage Documents, Netpages, and their printed instances, to allow pen operations on 
printed pages to be interpreted intelligently. 

The Netpage Network includes any number of Netpage Page Servers, each handling a sub- 
set of Netpages. As indicated above, each page instance is identified by a globally unique 
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id which is encoded in the tag grid of the corresponding printed page. The Netpage Printer 
uses this id to retrieve the page layout of the page from a Netpage Page Server when it 
needs to interpret pen operations relative to the page. 

The Netpage Printer uses the internet Distributed Name System (DNS) to resolve a 
Netpage instance id into a page instance maintained by a particular Netpage Page Server. 

The DNS is a protocol and a hierarchical system of name servers used to resolve internet 
domain names into resources. Planned enhancements to the DNS allow it to be used to 
resolve more general Uniform Resource Identifiers (URIs), and in particular Uniform 
Resource Names (URNs), into resource locations [22]. Netpage instance ids are formu- 
lated as URNs, allowing the enhanced DNS to be used to resolve them. In the absence of 
timely standardization and deployment of an enhanced DNS on the Internet, the Netpage 
Network can deploy its own system of enhanced name servers. 

A Netpage Publication Server is an internet server which publishes Netpage Documents to 
Netpage Printers. It is described in later sections. 

5.4 The Netpage Printer 

The Netpage Printer is the appliance which prints Netpage Documents. It is connected to a 
Netpage Network via an internet, ideally via a broadband connection. 

Apart from identity and security settings in non-volatile memory, the Netpage Printer con- 
tains no persistent storage. As far as a user is concerned, the network is the computer [9 1 ]. 
Netpages function interactively across space and time with the help of the distributed 
Netpage Page Servers, independently of particular Netpage Printers. 

The Netpage Printer receives Netpage Documents from Netpage Publication Servers. 
Each document is distributed in two parts: the page layouts, and the actual text and image 
objects which populate the pages. Because of personalization, page layouts are typically 
specific to a particular subscriber and so are pointcast to the subscriber's printer. Text and 
image objects, on the other hand, are typically shared with other subscribers, and so are 
multicast to all subscribers' printers. 

The Netpage Publication Server optimizes the segmentation of document content into 
pointcasts and multicasts. After receiving the pointcast of a document's page layouts, the 
printer knows which multicasts, if any, to listen to. 

Once the printer has received the entire document's page descriptions, i.e. page layouts 
and objects, it can print the document. 

The printer rasterizes and prints odd and even pages simultaneously on both sides of the 
sheet. It therefore contains duplexed print engines and imaging units. 

The printing process consists of two decoupled stages: rasterization of page descriptions, 
and expansion and printing of page images. The raster image processor (RIP) consists of 
one or more standard DSPs running in parallel. The duplexed print engines consist of cus- 
tom processors which expand, dither and print page images in real time, synchronized 
with the operation of the printheads in the imaging units. 
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There are four major design variations embodied in the various Netpage Printer models: 

• form factor: portable, wall-mount or tabletop 

• printhead width: 8 '/a" (portrait Letter) or 1 1" (landscape Letter) 

• paper source: cut sheet or paper roll 

• Internet connection: wired or wireless 

This form factor variations yield three basic models, each with variants determined by 
printhead width (and hence printing speed), and paper source. Six planned models are 
defined in Table 1, and illustrated in Figure 2. 



Table 1. Netpage Printer models 
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Figure 2. Netpage Printer family 
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The Wallprinter and Tableprinter models can be factory-con figured with various network 
modules, allowing both wired and wireless versions. The Travelprinter uses a cellular tele- 
phone module, with the promise of broadband speed within a few years. 

The Wallprinter models are ideal for unobtrusive installation in a home, while the Table- 
printer models might be preferred in an office environment. Note that the Tableprinter 
models are Wallprinter models factory-adapted for tabletop use via a stand. 

The paper roll cartridge contains both paper and ink. The paper is in the form of a contin- 
uous roll, cut on demand by the printer. The 1 I" paper cartridge has a capacity of 1 000 
Letter sheets. It also contains the glue supply for binding the sheets of a document 
together. The 8/2" paper cartridge has a capacity of 50 Letter sheets, or equivalently 100 
A5 sheets. It doesn't contain a glue supply because the Travelprinter doesn't include a 
binding mechanism. 

The 8/2" printhead models print at 60 pages per minute (i.e. 30 sheets per minute). The 
1 1" printhead models print at 90 pages per minute (i.e. 45 sheets per minute). 



The Netpage Pen operates both as a normal marking ink pen and as a non-marking stylus. 
When either nib is in contact with a Netpage, the pen continuously monitors its move- 
ments relative to the page. The nib is attached to a pressure sensor. The pen pressure can 
be interpreted relative to a threshold to indicate whether the pen is "up" or "down". It can 
also be interpreted as a continuous value, for example when the pen is capturing a signa- 
ture, to allow the full dynamics of the signature to be verified. 

The pen determines the position of its nib on the Netpage by imaging, in the infrared spec- 
trum, an area of the page in the vicinity of the nib. It decodes the nearest page id and posi- 
tion tag, and adjusts the position given by the tag to account for the distance between the 
area imaged and the actual nib, and the position of the tag in the imaged area. Although 
the position resolution of the tag may be low, because the tag density on the page is 
inversely proportional to the tag size, the adjusted position resolution is quite high, and 
easily exceeds the minimum 200 dpi resolution required for handwriting recognition [92]. 

Pen actions relative to a Netpage consist of a series of strokes. A stroke consists of a 
sequence of time-stamped pen positions on the page, initiated by a pen-down event and 
completed by the subsequent pen-up event. A stroke is also tagged with the page id of the 
Netpage whenever the page id changes, i.e. just at the start of the stroke under normal cir- 
cumstances. 

The position tags on the Netpage contain various control bits. One of these instructs the 
pen to activate its "active area" LED. Thus a region on the page which corresponds to the 
active area of a button or hyperlink can be encoded to activate this LED, giving the user 
visual feedback that the button or hyperlink is active when the pen passes over it. Another 
control bit instructs the pen to capture continuous pen pressure readings and tag the stroke 
with these readings. Thus a region on the page which corresponds to a signature input area 
can be encoded to capture continuous pen pressure. 

Whenever the pen is within range of a printer with which it can communicate, the pen 
slowly flashes its "online" LED. When the pen fails to decode a stroke relative to the page, 
it momentarily activates its "error" LED. When the pen succeeds in decoding a stroke rel- 
ative to the page, it momentarily activates its "ok" LED. 
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The pen also contains a pair of passive accelerometers mounted at right angles to each 
other in the plane normal to the pen's axis. The accelerometers respond to gravity and 
allow the pen to compute its tilt. This in turn helps it auto-focus its optics and compute the 
nib-to-tag displacement. If the stroke is being tagged with pen pressure readings, then it is 
also tagged with tilt readings. 

A sequence of captured strokes, whether tagged with pen pressure and tilt or not, is 
referred to as digital ink. Digital ink forms the basis for the digital exchange of drawings 
and handwriting, for on-line recognition of handwriting [92], and for on-line verification 
of signatures. 

The pen is wireless and transmits digital ink to the Netpage Printer using a radio frequency 
signal. The digital ink data is encrypted for security and packetized for efficient transmis- 
sion, but is always flushed on a pen-up event to ensure timely handling in the printer. 

When the pen is out-ofrange of a printer it buffers digital ink in internal memory, which 
has a capacity of more than 12 minutes of continuous handwriting. When the pen is once 
again within range of a printer, it transfers any buffered digital ink. 

A pen can be registered with any number of printers, but because all state data resides in 
Netpages both on paper and on the network, it is immaterial which printer a pen is com- 
municating with at any particular time. 



When the Netpage Printer receives a digital ink stroke from the pen, it retrieves the page 
layout of the Netpage identified in the stroke, to allow it to correctly interpret the stroke. 
The printer resolves, via the DNS, the address of the Netpage Page Server which holds the 
page layout, and then retrieves the page layout from the server If the page was recently 
identified in an earlier stroke, then the printer may already have the address of the relevant 
Netpage Page Server in its cache. It may also have the page layout itself in its cache, in 
which case there may be no need to retrieve it. 

.Once the printer has the page layout of the Netpage to which the pen stroke refers, it can 
interpret the stroke in relation to the layout and content of the page. This involves hit-test- 
ing the objects on the page to determine which objects the pen is interacting with, in much 
the same way that mouse movements and button presses are interpreted in a graphical user 
interface system. 

A "click' 1 is a stroke where the distance between the pen down position and the subsequent 
pen up position is less than some small maximum. An object which is activated by a click 
requires a click to be activated, i.e. a longer stroke is ignored. The failure of a pen action, 
such as a "sloppy" click, to register is indicated by the lack of response from the pen's 
"ok" LED. 

There are two kinds of interactive objects on a Netpage: hyperlinks and form fields. 

When a hyperlink is activated, the printer sends a request to a handler somewhere on the 
network. The handler is identified by a URI, and the URI is resolved in the normal way via 
the DNS. There are three types of hyperlinks: general hyperlinks, form hyperlinks, and 
selection hyperlinks. A general hyperlink may implement a request for a linked document, 
or may simply signal a preference to a server. A form hyperlink submits the corresponding 
form to a form handler. A selection hyperlink submits the current selection to a selection 
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handler. If the current selection contains a single-word piece of text, for example, the 
selection handler may return a single-page document giving the word's meaning within 
the context in which it appears, or a translation into a different language. Each hyperlink 
type is characterized by what information is submitted to the handler. 

Form fields come in four varieties: checkboxes, text areas, digital ink areas, and signature 
areas. A checkbox accepts a true or false value. Any tick or short stroke captured in a 
checkbox area is assigned as a true value to the corresponding field. A text area accepts a 
text string. Any digital ink captured in a text area is automatically converted to text via 
on-line handwriting recognition and the text is assigned to the corresponding field. A dig- 
ital ink area accepts raw digital ink. Any digital ink captured in a digital ink area is 
assigned to the corresponding field. A signature area accepts a handwritten signature. Any 
digital ink captured in a signature area is automatically verified and the resulting signature 
token is assigned to the corresponding signature field. Signature verification is discussed 
in detail in a later section. 

Because the handwriting recognition algorithm works "on-line" (i.e. with access to the 
dynamics of the pen movement), rather than "off-line" (i.e. with access only to a bitmap of 
pen markings), it can recognize run-on discretely-written characters [92] with high accu- 
racy, without a writer-dependent training phase. 

Digital ink, as already stated, consists of a sequence of strokes. Any stroke which starts in 
a particular object's active area is appended to that area's digital ink stream, ready for 
eventual interpretation. Any stroke not appended to the remaining inactive area's digital 
ink stream. 

Digital ink captured in the inactive area is interpreted as a selection gesture. Any circum- 
scription of an object is interpreted as a selection of that object. 

The printer maintains a current selection for each pen. The selection contains the most 
recent object selected, resolved with reference to the page layout and content. The selec- 
tion can be attached to or pasted into another form, or in general be submitted to a selec- 
tion handler as described earlier. The selection is cleared after an inactivity time-out. 

Table 2 provides a summary of pen interactions with a Netpage. 



Table 2. Summary of pen interactions with a Netpage 
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As described earlier, user input on a physical Netpage is ultimately recorded persistently 
by a Netpage Page Server together with the corresponding page instance. To ensure effi- 
cient capture of user input, the printer accumulates input locally. To prevent update anom- 
alies, however, the printer temporarily obtains exclusive access to the page instance from 
the Netpage Page Server. The printer flushes input back to the server and relinquishes 
exclusive access when the user initiates a non-local action on the page; after an inactivity 
time-out on the page; when the printer wishes to free up local storage consumed by the 
page; and on request from the server. 

When the printer submits a form to a form handler, it simply submits the document 
instance of the form. The form handler retrieves the field values from the Netpage Page 
Server at its leisure. 

A form can also act as a shared "blackboard" between the user and the form handler, i.e. 
the form handler can query the contents of the form fields maintained by the Netpage Page 
Server without the user explicitly submitting the form. 

For text areas, the raw digital ink is optionally also stored with the page instance on the 
Netpage Page Server. This allows the form handler to interrogate the raw digital ink 
should it suspect the original recognition of the handwriting. This might involve human 
intervention at the application level for forms which fail certain application-specific con- 
sistency checks. 

Form fields can optionally be tagged to indicate their meaning. Fields tagged in this way 
may include name and address fields, for example. This semantic tagging allows these 
fields to be automatically filled in whenever a "blank" form is requested by an identifiable 
user, i.e. a user who has registered their identity with the system and linked it to the iden- 
tity of their pen. 



Each Netpage is printed with the Netpage logo at the bottom to indicate that it is a Netpage 
and therefore has interactive properties. The logo also acts as a "copy" button. In most 
cases pressing the logo produces a copy of the page. In the case of a form the button 
instead elicits a page giving the user the option to print the entire form document. And in 
the case of a secure document, such as a ticket or coupon, the button elicits an explanatory 
note or advertising page. 

The default single-page copy function is handled directly by the relevant Netpage Page 
Server. Special copy functions are handler by linking the logo button to other URIs. 

Once a Netpage form has been submitted, it is marked as submitted by the Netpage Page 
Server and cannot be submitted again. An attempt to do so elicits a status report indicating 
when it was submitted. A copy of the form can still be made, altered, and re-submitted. 



The Netpage Printer has a single button labelled "help". When pressed it elicits a single 
page of information. This information includes the following: 

• status of printer connection 

• status of printer consumables 

• top-level help menu 
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• document function menu 

• top-level Netpage Network directory 

The help menu provides a hierarchical manual on how to use the Netpage System. 
The document function menu includes the following functions: 

• print a copy of a document 

• print a clean copy of a form 

• print the status of a document 

A document function is initiated by simply pressing the button and then touching any page 
of the document. The status of a document indicates who published it and when, to whom 
it was delivered, and to whom and when it was subsequently submitted as a form. 

The Netpage Network directory allows the user to navigate the hierarchy of publications 
and services on the network. 

The help page is obviously unavailable if the printer is unable to print. In this case the 
"error" light is lit and the user can request remote diagnosis over the network. 
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6 Personalized Publication 
Model 

In the following discussion, news is used as a canonical publication example to illustrate 
personalization mechanisms in the Netpage System. Although news is often used in the 
limited sense of newspaper and news magazine news, the intended scope is wider. 

In the Netpage System, the editorial content and the advertising content of a news publica- 
tion are personalized using different mechanisms. The editorial content is personalized 
according to the reader's explicitly stated and implicitly captured interest profile. The 
advertising content is personalized according to the reader's locality and demographic. 

6.1 Editorial Personalization 

A subscriber can draw on two kinds of news sources: those that deliver news publications, 
and those that deliver news streams. While news publications are aggregated and edited by 
the publisher, news streams are aggregated either by a news publisher or by a specialized 
news aggregator. News publications typically correspond to traditional newspapers and 
news magazines, while news streams can be many and varied: a "raw" news feed from a 
news service, a cartoon strip, a freelance writer's column, a friend's bulletin board, or the 
reader's own e-mail. 

The Netpage Publication Server supports the publication of edited news publications as 
well as the aggregation of multiple news streams. By handling the aggregation and hence 
the formatting of news streams selected directly by the reader, the server is able to place 
advertising on pages over which it otherwise has no editorial control. 

The subscriber builds a daily newspaper by selecting one or more contributing news pub- 
lications, and creating a personalized version of each. The resulting daily editions are 
printed and bound together into a single newspaper. The various members of a household 
typically express their different interests and tastes by selecting different daily publica- 
tions and then customizing them. 

For each publication, the reader optionally selects specific sections. Some sections appear 
daily, while others appear weekly. The daily sections available from The New York Times 
online, for example, include "Page One Plus", "National", "International", "Opinion", 
"Business", "Arts/Living", "Technology", and "Sports". Trie set of available sections is 
obviously specific to a publication, as is the default subset. 

The reader extends the daily newspaper by creating custom sections, each one drawing on 
any number of news streams. Custom sections might be created for e-mail and friends' 
announcements ("Personal"), or for monitoring news feeds for specific topics ("Alerts" or 
"Clippings"). 

For each section, the reader optionally specifies its size, either qualitatively (e.g. short, 
medium, or long), or numerically (i.e. as a limit on its number of pages), and the desired 
proportion of advertising, either qualitatively (e.g. high, normal, low, none), or numeri- 
cally (i.e. as a percentage). 

The reader also optionally expresses a preference for a large number of shorter articles or 
a small number of longer articles. Each article is ideally written (or edited) in both short 
and long forms to support this preference. 
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An article may also be written (or edited) in different versions to match the expected 
sophistication of the reader, for example to provide children's and adults' versions. The 
appropriate version is selected according to the reader's age. 

The articles which make up each section are selected and prioritized by the editors, and 
each is assigned a useful lifetime. By default they are delivered to all relevant subscribers, 
in priority order, subject to space constraints in the subscribers' editions. 

In sections where it is appropriate, the reader may optionally enable collaborative filter- 
ing. This is then applied to articles which have a sufficiently long lifetime. Each article 
which qualifies for collaborative filtering is printed with rating buttons at the end of the 
article. The buttons can provide an easy choice (e.g. "liked" and "disliked'), making it 
more likely that readers will bother to rate the article. 

Articles with high priorities and short lifetimes are therefore effectively considered essen- 
tial reading by the editors and are delivered to most relevant subscribers. 

The reader optionally specifies a serendipity factor, either qualitatively (e.g. do or don't 
surprise me), or numerically. A high serendipity factor lowers the threshold used for 
matching during collaborative filtering. A high factor makes it more likely that the corre- 
sponding section will be filled to the reader's specified capacity. A different serendipity 
factor can be specified for different days of the week. 

The reader also optionally specifies topics of particular interest within a section, and this 
modifies the priorities assigned by the editors. 

The speed of the reader's Internet connection affects the quality at which images can be 
delivered. The reader optionally specifies a preference for fewer images or smaller images 
or both. If the number or size of images is not reduced, then images may be delivered at 
lower quality. 

At a global level, the reader specifies how quantities, dates, times and monetary values are 
localized. This involves specifying whether units are imperial or metric, a local timezone 
and time format, and a local currency, and whether the localization consist of in situ trans- 
lation or annotation. 

To reduce reading difficulties caused by poor eyesight, the reader optionally specifies a 
global preference for a larger presentation. Both text and images are scaled accordingly, 
and less information is accommodated on each page. 

The language in which a news publication is published, and its corresponding text encod- 
ing, is a property of the publication and not a preference expressed by the user. However, 
the Netpage Network may provide automatic translation services in various guises. 



The personalization of the editorial content directly affects the advertising content, 
because advertising is typically placed to exploit the editorial context. Travel ads, for 
example, are more likely to appear in a travel section than elsewhere. The valueof the edi- 
torial content to an advertiser (and therefore to the publisher) lies in its ability to attract 
large numbers of readers with the right demographics. 
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Effective advertising is placed on the basis of locality and demographics. Locality deter- 
mines proximity to particular services, retailers etc., and particular interests and concerns 
associated with the local community and environment. Demographics determine general 
interests and preoccupations as well as likely spending patterns. 

A news publisher's most profitable product is advertising "space", a multi-dimensional 
entity determined by the publication's geographic coverage, the size of its readership, its 
readership demographics, and the page area available for advertising. 

In the Netpage System, the Netpage Publication Server computes the approximate 
multi-dimensional size of a publication's saleable advertising space on a per-section basis, 
taking into account the publication's geographic coverage, the section's readership, the 
size of each reader's section edition, each reader's advertising proportion, and each 
reader's demographic. 

In comparison with other media, the Netpage System allows the advertising space to be 
defined in greater detail, and allows smaller pieces of it to be sold separately. It therefore 
allows it to be sold at closer to its true value. 

For example, the same advertising "slot" can be sold in varying proportions to several 
advertisers, with individual readers' pages randomly receiving the advertisement of one 
advertiser or another, overall preserving the proportion of space sold to each advertiser.. 

The Netpage System allows advertising to be linked directly to detailed product informa- 
tion and online purchasing. It therefore raises the intrinsic value of the advertising space. 

Because personalization and localization are handled automatically by Netpage Publica- 
tion Servers, an advertising aggregator can provide arbitrarily broad coverage of both 
geography and demographics. The subsequent disaggregation is efficient because it is 
automatic. This makes it more cost-effective for publishers to deal with advertising aggre- 
gators than to directly capture advertising. Even though the advertising aggregator is tak- 
ing a proportion of advertising revenue, publishers may find the change profit-neutral 
because of the greater efficiency of aggregation. The advertising aggregator acts as an ■ 
intermediary between advertisers and publishers, and may place the same advertisement in 
multiple publications. 

It is worth noting that ad placement in a Netpage publication can be more complex than ad 
placement in the publication's traditional counterpart, because the publication's advertis- 
ing space is more complex. While ignoring the full complexities of negotiations between 
advertisers, advertising aggregators and publishers, it is clear that the Netpage System 
should ideally provide some automated support for these negotiations, including support 
for automated auctions of advertising space. Automation is particularly desirable for the 
placement of advertisements which generate small amounts of income, i.e. small or highly 
localized advertisements. 

Once placement has been negotiated, the aggregator captures and edits the advertisement 
and records it on a Netpage Ad Server. Correspondingly, the publisher records the ad 
placement on the relevant Netpage Publication Server. When the Netpage Publication 
Server lays out each user's personalized publication, it picks the relevant advertisements 
from the Netpage Ad Server. 
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6.3 



User Profiles 



The personalization of news and other publications relies on an assortment of user-specific 
profile information: 

• publication customizations 

• collaborative filtering vectors 

• contact details 

• presentation preferences 

The customization of a publication is typically publication-specific, and so the customiza- 
tion information is maintained by the relevant Netpage Publication Server. 

A collaborative filtering vector consists of the user's ratings of a number of news items. 
As described earlier, it is used to correlate different users' interests for the purposes of 
making recommendations. Although there are benefits to maintaining a single collabora- 
tive filtering vector independently of any particular publication, there are two reasons why 
it is more practical to maintain a separate vector for each publication: there is likely to be 
more overlap between the vectors of subscribers to the same publication than to different 
publications; and a publication is likely to want to present its users' collaborative filtering 
vectors as part of the value of its brand, not to be found elsewhere. Collaborative filtering 
vectors are therefore also maintained by the relevant Netpage Publication Server. 

Contact details, including name, street address, ZIP code, state, country, telephone num- 
bers, etc., are by their nature global and are maintained by a Netpage Registration Server. 

Presentation preferences, including those for quantities, dates and times discussed earlier, 
are likewise global and maintained in the same way. 

The localization of advertising relies on the locality indicated in the user's contact details, 
while the targeting of advertising relies on personal information such as date of birth, gen- 
der, marital status, income, profession, education, etc., or qualitative derivatives such as 
age range and income range. 

For those users who choose to reveal personal information for advertising purposes, the 
information is maintained by the relevant Netpage Registration Server. In the absence of 
such information, advertising can be targeted on the basis of the demographic associated 
with the user's ZIP or ZIP+4 code. 

Each user, pen and printer is assigned a globally unique identifier, and the Netpage Regis- 
tration Server maintains the relationships between them. The server also keeps track of 
which publications a user has authorized to print on particular printers. Each user may 
have several pens, but a pen is specific to a single user. A pen may know any number of 
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printers, and a printer may know any number of pens. These relationships are illustrated in 
Figure 3. 
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Figure 3. User registration relationships 

The pen identifier is used, in the form of a URN, to locate the corresponding user profile 
maintained by a particular Netpage Registration Server, via the DNS in the usual way. 

6.4 Intelligent Page Layout 

The Netpage Publication Server automatically lays out the pages of each user's personal- 
ized publication on a section-by-section basis. Since most advertisements are in the form 
of pre-formatted rectangles, they are placed on the page before the editorial content. 

The advertising ratio for a section can be achieved with wildly varying advertising ratios 
on individual pages within the section, and the ad layout algorithm exploits this. The algo- 
rithm attempts to co-locate closely tied editorial and advertising content, e.g. ads for roof- 
ing material placed specifically with the publication because of a special feature on 
do-it-yourself roofing repairs. 

The editorial content selected for the user, i.e. text with associated images and graphics, is 
then laid out according to various aesthetic rules. 

The entire process, including the selection of ads and the selection of editorial content, 
must be iterated once the layout has converged, to attempt to more closely achieve the 
user's stated section size preference. The section size preference can, however, be 
matched on average over time, allowing significant day-to-day variations. 

6.5 Document Format 

Once the document is laid out, it is encoded for efficient distribution and persistent storage 
on the Netpage Network. 

The primary efficiency mechanism is the separation of information specific to a single 
user's edition and information shared between multiple users' editions. The specific infor- 
mation consists of the page layout. The shared information consists of the objects to which 
the page layout refers, including images, graphics, and pieces of text. 

A text object contains fully- formatted text represented in the Extensible Markup Lan- 
guage (XML) [101] using the Extensible Stylesheet Language (XSL) [102). XSL provides 
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precise control over text formatting independently of the region into which the text is 
being set, which in this case is being provided by the layout. The text object contains 
embedded language codes to enable automatic translation, and embedded hyphenation 
hints to aid with paragraph formatting. 

An image object encodes an image in the JPEG 2000 [44,45] wavelet-based compressed 
image format to achieve high quality at compression ratios exceeding 10: 1. 

A graphic object encodes a 2D graphic in Scalable Vector Graphics (SVG) [1 04] format. 

The layout itself consists of a series of placed image and graphic objects, linked textflow 
objects through which text objects flow, hyperlinks and input fields as described earlier, 
and watermark regions. These layout objects are summarized in Table 3. The layout uses a 
compact format suitable for efficient distribution and storage. 

The layout is tagged with the version of the text-setting algorithm used by the Netpage 
Publication Server when the layout was first created, allowing the Netpage Printer to 
exactly reproduce the physical layout intended by the server. 

Because Netpage Printer software is automatically upgraded over the Netpage Network, it 
is feasible to for Netpage Printers to contain every version of the text-setting algorithm. 



Table 3. Netpage layout objects 
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6.6 Document Distribution 

As described above, for purposes of efficient distribution and persistent storage on the 
Netpage Network, a user-specific page layout is separated from the shared objects to 
which it refers. 

When a subscribed publication is ready to be distributed, the Netpage Publication Server 
allocates, with the help of the Netpage Id Server, a globally unique id for each page, page 
instance, document, and document instance. 
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The server computes a set of optimized subsets of the shared content and creates a multi- 
cast channel for each subset, and then tags each user-specific layout with the names of the 
multicast channels which will carry the shared content used by that layout. The server then 
pointcasts each user's layouts to that user, and when the pointcasting is complete, multi- 
casts the shared content on the specified channels. After receiving its pointcast, each 
Netpage Printer subscribes to the multicast channels specified in the page layouts. During 
the multicast^ each printer extracts from the multicast streams those objects referenced by 
its page layouts. 

Once a printer has received all the objects to which it page layouts refer, the printer re-cre- 
ates the fully-populated layout and then rasterizes and prints it. 

The server also delivers each page layout to the relevant Netpage Page Server, which may 
be co-located with the Netpage Publication Server, or may be located elsewhere on the 
network. Thus the page layouts are persistently archived as Netpages. It is the responsibil- 
ity of the Netpage Publication Server to preserve the shared objects referenced by the 
Netpages, to ensure that they are really persistent. It may choose to archive these shared 
objects elsewhere on the network at any time. The object URIs embedded in the Netpages 
allow the objects to move. 

Because of limited memory in a Netpage Printer, the printer may be unable to make use of 
a multicast when it first occurs. The Netpage Publication Server therefore allows printers 
to submit requests for re-multicasts. When a critical number of requests is received, the 
server re-multicasts the corresponding shared objects. 

Once a document is printed, a Netpage Printer can produce an exact duplicate at any time 
by retrieving its page layouts from the relevant Netpage Page Server, and retrieving the 
objects to which it refers from the network. 
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7 Security 



7.1 Cryptography 



Cryptography is used to protect sensitive information, both in storage and in transit, and to 
authenticate parties to a transaction. There are two classes of cryptography in widespread 
use: secret-key cryptography and public-key cryptography. The Netpage Network uses 
both classes of cryptography. 

Secret-key cryptography, also referred to as symmetric cryptography, uses the same key to 
encrypt and decrypt a message. Two parties wishing to exchange messages must first 
arrange to securely exchange the secret key. 

Public-key cryptography, also referred to as asymmetric cryptography, uses of two encryp- 
tion keys. The two keys are mathematically related in such a way that any message 
encrypted using one key can only be decrypted using the other key. One of these keys is 
then published, while the other is kept private. The public key is used to encrypt any mes- 
sage intended for the holder of the private key. Once encrypted using the public key a 
message can only be decrypted using the private key. Thus two parties can securely 
exchange messages without first having to exchange a secret key. To ensure that the pri- 
vate key is secure, it is normal for the holder of the private key to generate the key pair. 

Public-key cryptography can be used to create a digital signature. If the holder of the pri- 
vate key creates a known hash of a message and then encrypts the hash using the private 
key, then anyone can verify that the encrypted hash constitutes the "signature" of the 
holder of the private key with respect to that particular message, simply by decrypting the 
encrypted hash using the public key and verifying the hash against the message. If the sig- 
nature is appended to the message, then the recipient of the message can verify both that 
the message is genuine and that it has not been altered in transit. 

To make public-key cryptography work, there has to be a way to distribute public keys 
which prevents impersonation. This is normally done using certificates and certificate 
authorities. A certificate authority is a trusted third party which authenticates the connec- 
tion between a public key and someone's identity. The certificate authority verifies the 
person's identity by examining identity documents etc., and then creates and signs a digi- 
tal certificate containing the person's identity details and public key. Anyone who trusts 
the certificate authority can use the public key in the certificate with a high degree of cer- 
ta.nty that it is genuine. They just have to verify that the certificate has indeed been signed 
by the certificate authority, whose public key is well-known. 

In most transaction environments, public-key cryptography is only used to create digital 
signatures and to securely exchange secret session keys. Secret-key cryptography is used 
for all other purposes. 

In the following discussion, when reference is made to the secure transmission of informa- 
tion between a Netpage Printer and a server, what actually happens is that the printer 
obtains the server's certificate, authenticates it with reference to the certificate authority, 
uses the public key-exchange key in the certificate to exchange a secret session key with 
the server, and then uses the secret session key to encrypt the message data. A session key, 
by definition, can have an arbitrarily short lifetime. 
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7.2 Netpage Printer Security 

Each Netpage Printer is assigned a pair of unique identifiers at time of manufacture which 
are stored in read-only memory in the printer and in the Netpage Registration Server data- 
base. The first id is public and uniquely identifies the pen on the Netpage Network. The 
second id is secret and is used when the printer is first registered on the network. 

When the printer connects to the Netpage Network for the first time. after installation, it 
creates a signature public/private key pair. It transmits the secret id and the public key 
securely to the Netpage Registration Server. The server compares the secret id against the 
printer's secret id recorded in its database, and accepts the registration if the ids match. It 
then creates and signs a certificate containing the printer's public id and public signature 
key, and stores the certificate in the registration database. 

The Netpage Registration Server acts as a certificate authority for Netpage Printers, since 
it has access to secret information allowing it to verify printer identity. 

When a user subscribes to a publication, a record is created in the Netpage Registration 
Server database authorizing the publisher to print on a particular printer. Every document 
sent to a printer is signed by the publisher using the publisher's private signature key. The 
printer verifies via the registration database that the publisher is authorized to print on the 
printer, and verifies the signature using the publication's public key, obtained from the 
publisher's certificate stored in the registration database. 

The Netpage Registration Server accepts requests to add printing authorizations to the 
database, so long as those requests are initiated via a pen registered to the printer. 

The user can register a Web terminal as a "publisher" authorized to print on a printer. This 
is useful if the user has a Web terminal in the home which is used to locate documents on 
the Web for printing. The authorization occurs as follows: the user prints a Web terminal 
authorization form. The Netpage Registration Server generates a short- lifetime 
one-time-use id for the Web terminal which is printed on the form, together with the URI 
of the printer. The Web terminal is used to navigate to a Netpage Registration Server reg- 
istration site, where the one-time-use id is entered, as well as the URI of the printer. The 
Web terminal generates a signature public/private key pair. The server allocates a pub- 
lisher id for the Web terminal, creates and signs a certificate containing the publisher id 
and the public key, and stores the certificate in the registration database. The URI of the 
printer, the publisher id, and the private signature key are stored locally on the Web termi- 
nal. 

Whenever the Web terminal wishes to print on the printer, it sends the printer a request 
containing the URI of the document to be printed, together with the publisher id, signed 
with the Web terminal's private signature key. On receipt of the request and before acting 
on it, the printer verifies publisher id and signature in the usual way. 

The user can print at list of current printing authorizations at any time, and retract any 
which are being abused. 

7.3 Netpage Pen Security 

Each Netpage Pen is assigned a unique identifier at time of manufacture which is stored in 
read-only memory in the pen and in the Netpage Registration Server database. The id 
uniquely identifies the pen on the Netpage Network. 
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A Netpage Pen can know a number of Netpage Printers, and a printer can know a number 
of pens. A pen communicates with a printer via a radio frequency signal whenever it is 
within range of the printer. Once a pen and printer are registered, they regularly exchange 
session keys. Whenever the pen transmits digital ink to the printer, it always uses the 
appropriate session key. Digital ink is never transmitted in the clear. 

A pen stores a session key for every printer is knows, indexed by printer id, and a printer 
stores a session key for every pen it knows, indexed by pen id. Both have a' finite storage 
capacity for session keys, and will a forget session key on a least-recently-used basis if 
necessary. If either a pen or a printer forgets the other, then they simply have to go though 
the automatic registration procedure again. 

When an unknown pen comes within range of a printer, they soon discover they don't 
know each other. Under these circumstances the pen simply ignores the printer until it 
finds itself in the charging cup, at which time it initiates the registration procedure. 

In addition to its public id, the pen contains a secret id and a secret key-exchange key both 
intended for one-time use. These are also recorded in the Netpage Registration Server 
database at time of manufacture. During registration, the printer obtains the secret id from 
the pen. Because it is transmitted in the clear, it may be intercepted by someone listening 
m. The printer transmits the id securely to the Netpage Registration Server which 
responds securely with the matching key-exchange key, together with a newly-generated 
secret id and key-exchange key. The printer generates a session key for the pen and trans- 
mits it to the pen encrypted using the one-time-use key-exchange key. It also securely 
transmits the new secret id and key-exchange key to the pen, which saves them for the 
next registration procedure. They now match the pen's record in the Netpage Registration 
Server database. 

If the secret id transmitted in the clear from the pen to the printer is intercepted and used to 
retrieve the secret key-exchange key from the Netpage Registration Server before the 
printer queries the server, then the server rejects the printer's query because the secret id is 
out-of-date. Thus the printer knows that the pen has been compromised, and recommends 
that it be returned for repair. 

Whenever a pen is registered, the Netpage Registration Server prints a registration form 
allowing the pen to be registered in the name of a user. The pen can be registered to an 
existing user in the registration database, in which case the user's optional password may 
have to be provided, or new user details can be entered. 

The pen uses secret-key rather than public-key encryption because of hardware perfor- 
mance constraints in the pen. 

7.4 Secure Documents 

The Netpage System supports the delivery of secure documents such as tickets and cou- 
pons. The Netpage Printer includes a facility to print, watermarks, but wilj only do so on 
request from publishers who are suitably authorized. The publisher indicates its authority 
to print watermarks in its certificate, which the printer is able to authenticate. 

The "watermark" printing process uses an alternative dither matrix in specified "water- 
mark" regions of the page. Back-to-back pages contain mirror-image watermark regions 
which coincide when printed. The dither matrices used in odd and even pages' watermark 
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regions are designed to produce an interference effect when the regions are viewed 
together - i.e. when looking through the printed sheet. 

The effect is similar to a watermark in that it is not visible when looking at only one side 
of the page, and is lost when the page is copied by normal means. 

As described earlier, pages of secure documents cannot be copied using the built-in 
Netpage copy mechanism. This extends to copying Netpages on Netpage-aware photo- 
copiers. 

Secure documents are typically generated as part of e-commerce transactions. They can 
therefore include the user's photograph which was captured when the user registered bio- 
metric information with the Netpage Registration Server, as described in the next section. 

7.5 Non-Repudiation 

In the Netpage System, forms submitted by users are delivered reliably to forms handlers 
and are persistently archived on Netpage Page Servers. It is therefore impossible for recip- 
ients to repudiate delivery. 

E-commerce payments made through the system, as described in the next section, are also 
impossible for the payee to repudiate. 
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8 Electronic Commerce Model 



The Netpage System uses the Secure Electronic Transaction (SET) [62] system as its pay- 
ment system model. Although SET is not yet widely supported, it is comprehensive and 
elegant and will probably become dominant in the near future. 

SET, having been developed by MasterCard and Visa, is organized around payment cards, 
and this is reflected in the terminology. However, much of the system is independent of 
the type of accounts being used. 

In SET, cardholders and merchants register with a certificate authority and are issued with 
certificates containing their public signature keys. The certificate authority verifies a card- 
holder's registration details with the card issuer as appropriate, and verifies a merchant's 
registration details the acquirer as appropriate. Cardholders and merchants store their 
respective private signature keys securely on their computers. During the payment pro- 
cess, these certificates are used to mutually authenticate a merchant and cardholder, and to 
authenticate them both to the payment gateway. 

SET has not yet been adopted widely, partly because cardholder maintenance of keys and 
certificates is considered burdensome. Interim solutions which maintain cardholder keys 
and certificates on a server and give the cardholder access via a password have met with 
some success [13]. 



In the Netpage System the Netpage Registration Server acts as a proxy for the Netpage 
user (i.e. the cardholder) in SET payment transactions. 

The Netpage System uses biometrics to authenticate the user and authorize SET payments. 
Because the system is pen-based, the biometric used is the user's on-line signature, con- 
sisting of time-varying pen position, tilt and pressure. A fingerprint biometric can also be 
used by designing a fingerprint sensor into the pen, although at a higher cost. The type of 
biometric used only affects the capture of the biometric, not the authorization aspects of 
the system. 

The first step to being able to make SET payments is to register the user's biometric with 
the Netpage Registration Server. This is done in a controlled environment, for example a 
bank, where the biometric can be captured at the same time as the user's identity is veri- 
fied. The biometric is captured and stored in the registration database, linked to the user's 
record and to the record of a particular Netpage Pen. The user's photograph is also option- 
ally captured and linked to the record. The SET cardholder registration process is com- 
pleted, and the resulting private signature key and certificate are stored in the database. 
The user's payment card information is also stored, giving the Netpage Registration 
Server enough information to act as.the user's proxy in any SET payment transaction. 

When the user eventually supplies the biometric to complete a payment, for example by 
signing a Netpage order form, the printer securely transmits the order information, the pen 
id and the biometric data to the Netpage Registration Server. The server verifies the bio- 
metric with respect to the user identified by the pen id, an from then on acts as the user's 
proxy in completing the SET payment transaction. 



8.1 



Secure Electronic Transaction (SET) 



8.2 



SET Payments 
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8.3 



Micro-Payments 



The Netpage Network includes a mechanism for micro-payments, to allow the user to be 
conveniently charged for printing low-cost documents on demand and for copying copy- 
right documents, and possibly also to allow the user to reimbursed for expenses incurred 
in printing advertising material. The latter depends on the level of subsidy already pro- 
vided to the user. 

When the user registers for e-commerce, a network account is established which aggre- 
gates micro-payments. The user receives a statement on a regular basis, and can settle any 
outstanding debit balance using the standard payment mechanism. 

The network account can be extended to aggregate subscription fees for periodicals, which 
would also otherwise be presented to the user in the form of individual statements. 
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9 



Applications 



The Netpage Network has the potential to subsume a wide variety of applications in both 
traditional and electronic media. This section sketches some of the possibilities. 

A quick summary of applications: 

• personalized newspaper and magazine subscriptions 

• freelance columns and bulletin board subscriptions 

• on-demand flyers and product brochures 

• on-demand books 

• e-commerce purchasing from online and traditional catalogs 

• delivery of statement and invoices, with online payment facility 

• delivery secure document (tickets, coupons and licenses) 

• perfect copying with copyright micro-payments 

• mail replacement 

• delivery of greeting cards 

• form printing, fill-in and submission 

• delivery of e-mail and facsimile 

• Web browsing and printing 

• corporate intranets 

• government services 

• photo album 

• computer printing 



The strength of the Netpage Network lies in automatically delivering subscribed periodi- 
cals, at a print quality equalling or exceeding that of their traditional counterparts, with 
editorial content personalized to individual interests, advertising content localized and tar- 
geted to individual localities and demographics, and advertising directly linked to detailed 
product information and product purchasing. 



The Netpage Network offers a new delivery mechanism to the $24 billion newspaper and 
news magazine market which is both more cost-effective than centralized printing and dis- 
tribution, and allows more fine-grained targeting of advertising. 

The simplest form of news personalization involves selecting a news publication and 
choosing which daily and weekly sections to receive. The simplest form of advertising 
personalization is tuned to the demographics associated with the subscriber's ZIP or 
ZIP+4 code. Even with these entry-level forms of personalization, the Netpage Network 
offers a compelling distribution model for news. 

Users receive paper publications with the usability of their traditional counterparts, but 
with interactive properties. At the press of an on-page button, a user can print an article 
giving the background to a news story, print a personalized product brochure, or add a 
product to the virtual shopping basket. 



9.1 



Personalized Subscriptions 



9.1.1 



Newspapers and Magazines 
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Any magazine normally printed on lightweight paper stock is equally well-suited to distri- 
bution on the Netpage Network. However, since Netpage Printers don't carry heavier 
paper stocks and don't provide wrap-around binding, the Netpage Network is less 
well-suited to the distribution of so-called "glossy" magazines. 



9.1.2 Freelance Columns and Bulletin Boards 

Users can choose to subscribe to individual freelance columns, cartoons, etc. These can be 
integrated into a user's daily news document, or printed individually. Freelancers can 
choose to receive micro-payments from their subscribers, freeing them from maintaining 
their own subscriber databases. The Netpage Network provides mechanisms for handling 
micro-payments. 

Users can also subscribe to the "bulletin boards" of friends: collections of news, 
announcements, pictures etc., which work much like freelance columns. 



9.2 On-Demand Publications 

The Netpage Network can deliver, on demand, current and back issues of periodicals nor- 
mally delivered on subscription, including newspapers, magazines, and comics. To main- 
tain the interactivity of all Netpages ever printed, the Netpage Network keeps all 
published content online at all times. Unlike the Web, where hyperlinks become unreliable 
over time, content on the Netpage Network never expires. 



9.2.1 Flyers and Product Brochures 

The Netpage Network makes high-quality flyers and product brochures instantly avail- 
able, linked to advertisements and entries in printed catalogs. 

Brochures are always up-to-date, and link to e-commerce, e-mail, and automatic telephone 
call-back. Brochure links can provide "click-through" fees to linking documents, and sub- 
sidized printing to users. 

9.2.2 Books 

Users can obtain the latest best-sellers or rare "out-of-print" (a soon-to-obsoleted term) 
editions on demand, printed in column format with a text size chosen by the user. A typi- 
cal 300-page paperback fits on as little as 40 sheets of Letter paper. Slip-on covers are 
available for robust handling. 



Titles which have outlived their copyright period are available for free. Other titles are 
heavily discounted for Netpage delivery, since publishers avoid the costs of printing, 
inventory storage, and delivery. 

Colorful children's books reproduce immaculately. When they've been loved to death, 
they can be printed again, and again. 

Children's coloring-in books are available just when they're needed on a rainy day. 
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9.3 E-COMMERCE 



9.3.1 Online Purchases 

The Netpage Network supporis a similar level of online purchasing as ihe Weh. but in 
paper-based medium which presents like a high-quality primed catalog. 

A user can navigate the retailer's online Netpage catalog, priming catalog pages as they're 
needed and adding items lo a virtual shopping trolley. The contents of the trolley can he 
listed at any time, and items can be struck from the list at the stroke of the pen. Pressing a 
"proceed to checkout" button at any lime elicits a completed order form just wailing for 
the user's signature. The payment card account number is securely shown in the usual 
I 234 56** **** *789 formal. The user's signature authorizes the payment. 



9.3.2 Catalog Purchases 

Rather than buying from an online Netpage catalog : the user can select items from a tradi- 
tionally-printed catalog which contains active Netpage links. 

9.3.3 Statements and Invoices 

Statements and invoices can be securely and auditably delivered, and can be automatically 
tilled in with the user's default payment details without the sender knowing those details. 

The user's signature can authorize the payment as normal. 



9.3.4 Secure Documents 

Retailers can securely issue tickets. and coupons over the Netpage Network, printed with 

clifTicult-to- forge watermarks. 

Agencies ol various kinds can issue licenses primed with watermarks and the user's own 
photograph. 

9.3.5 Copyright Copying 

Any primed version of a Netpage document- becomes an easy means to printing another 
perfect copy. When a copy is made, the Netpage Network can automatically transfer a 
micro-payment from the copier to the copyright holder. 

Trivial copyright fees are universally respected but seldom paid because of the inconve- 
nience. The Netpage Network offers micro-payment convenience and the quality of an' 
original copy. 



9.4 Communication 

9.4.1 Mail 



The Netpage Network, once widely subscribed, can be used to deliver numerous instances 
ol regular mail-outs, particularly statements and invoices as discussed above. 
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9.4.2 Greeting Cards 

A user can select a ^reeling card from an on line caialog. add a handwriiicn message. ami 
dispatch ii via ihe Netpage Network. Cards can he addressee! 10 oilier Netpage users, and 
in normal posial addresses. In the killer ease the card is primed ai ihe service comer closesi 
10 die recipient, automatically placed in an envelope, and mailed through (he local post. 

9.4.3 Forms 

Forms of ill! kinds can be printed on the Netpage Printer, filled in by hand, and submitted 
directly over the Netpage Network. Submission is secure and cannot be repudiated. 

Handwriting is automatically recognized by the system. The digital ink of the handwriting 
is attached to the form in case a human clerk needs lo re-interpret the handwriting Auto- 
matic "handwriting bots" on the network can assist with the recognition task, automati- 
cally giving the user semi-intelligent feedback to elicit disambiguation. 

Any interactive Netpage -application", including e-commeree and c-mail, uses forms of 
various kinds. 

9.4.4 E-Mail 

E-mail forms can be printed on demand and filled in by hand. The handwritten address is 
converted to facilitate delivery, but the rest of the message is delivered as digital ink. just 
as the user intended. If the recipient is computer-based rather than Nelpage-based, all of 
the handwriting can be automatically converted, with the digital ink sent as an attachment, 
since it may contain hand -drawn diagrams etc. 

9.4.5 Facsimile 

facsimile forms can be printed on demand and filled in b> hand. "The handwritten tele- 
phone number is convened lo facilitate delivers but the rest of the message is delivered as 
bitmapped digital ink. just as the user i mended. 

9.5 Web Browsing and Printing 

Users can browse the World Wide Web via, their Netpage Printer using paper and pen as 
the user interface. Netpage forms can provide emulation of HTML forms. Only dynamic 
media objects may fail to print meaningfully. 

A Netpage Printer can be the ideal output device foi documents encountered while brows- 
ing the Web. whether the browsing is lerminal-hased or Netpage-based. An increasim.-. 
number of print-ready documents are being published on ihe Web. 

Lniire Web sites can be compactly formatted lor print, since a printed page has a much 
greater information-beat ing capacity than a computer screen, and perused in a more lei- 
surely fashion. 

9.6 Corporate Intranets 

An organi/alion can use a private inti -anel-hased Winage N'cluoi k to implement a docu- 
ment repository and efficiently dislribuie documents on demand. 
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9.7 



Government Services 



Government can provide access to services \ ia the Netpage Network. Tile network e;in 
obviate the need to visit government offices to obtain forms and submit forms, and the net- 
work can be used to efficient I v deliver the results o I* submissions. 



A Netpage Printer can be enhanced with an infrared data connection (IrDA) to allow it to 
accept images wireless I y from a digital camera. Squirted images can be automatically 
archived on the Netpage Network, and individual photos, both regular and poster-sized, 
can be printed at photo quality on the printer. 

Smart layout software can assist with the interactive creation of photo album pages, ready 
for insertion in a cumulative family album. 



A Netpage Printer can be the ideal output device for a personal computer or workstation, 
whether directly-connected or on a local-area network. The speed of the Netpage Printer 
and the quality of its output make it attractive to existing computer users. 



9.8 



Photo Album 



9.9 



Computer Printing 
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System Principles 

The Nctpage Network leverages (lie open technology and extensive infrastructure of the 
Internet. The widespread acceptance and growth of the Netpage Network is predieated on 
open competition rather than monopolistic practices. 

However, to provide an incentive to early investors, semi-exclusive licenses to Mcm- 
.iet-bascd Nctpage Printer designs will be offered, as well as licenses to manufacture paper 
and ink consumables. 




Figure 4. Open structure of Internet-based Netpage Network 

The network supports any number of independent participants, some of which have com- 
plementary roles, and some of which compete. The open structure of the network is illus- 
trated tn Figure -I. Content-related participants include the following: 



• news sources 

• put) fishers 

• news aggregators 

• freelance artists, writers, cartoonists 

• direct mailers 
- advertisers 

• advertising aggregators 
banks 

• merchants 
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! n t'rast i ucuiix*- 1 c huct 1 part icipanis include the following: 

• server suppl icrs 

• network storage providers 

• communications carriers 

• Internet service providers (ISPs) 

• printer dealers (plus installation and servicing) 

• ink and paper consumables dealers (plus delivery) 

Technology-related participants include the fol lowing; 

• research and development 

• chip makers (printheads. controllers. QA) 

• printer manufacturers 

• ink and paper consumables manufacturers 

The strength of the network lies in the fact that publication and delivery are completely 
decoupled. This allows the delivery infrastructure to grow independently of the participa- 
tion of publishers. 

2 Bootstrapping 

Because consumers are unlikely to be motivated to acquire a Netpage Printer until a vari- 
ety of publications and services are available, and because publishers will wait for an 
installed base before participating, the key to bootstrapping the network is to bundle the 
printer with a publication or service subscription, and possibly trimming profit margins in 
the growth stage. 

There are several ways the manufacturing cost of the Netpage Printer, assumed to be well 
below S I 00. can be subsidized. Printer-based distribution can eliminate existing distribu- 
tion costs, offsetting the printer cost. The printer can provide a new mechanism for deliv- 
ering advertising, with advertising profits offsetting the printer cost. And the printer cost 
can be built into the subscription fee for a publication or service. 

The cost of printing and delivering a'newspaper normally exceeds the price of subscrip- 
tion 1 3 1 ,73]. The real profit lies in the advertising. The cost of the Netpage Printer is easily- 
exceeded by one years' cost savings, allowing a Netpage subscription, including a "free" 
printer, to be priced lower than a traditional subscription. A Netpage subscription offered 
to a customer already on the network would be priced correspondingly lower still. 

If the publication or service delivered via the Netpage Printer is sufficiently lucrative, then 
the publisher or provider may be able to subsidize not only the printer itself, but also its 
running costs. This can include Internet access, paper and ink consumables, and servicing. 
Demographics-informed .advertising may fall into this category. The more information 
customers reveal about themselves, the greater the value of the advertising to the advertis- 
ers, and so the greater the level of subsidization that can take place. 

Karly investors who subsidize the installation of Netpage Printers may be able to recover 
the investment and turn a profit merely by charging other publishers an access fee to the 
printers thev "own", perhaps for an interim period after installation, according to a net- 
work-wide agreement. They may also be able to earn commissions on click-lhroughs and 
c-commcrcc transactions originating on pages printed on "their'" printers. 
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Similar approaches are alrcadv omciLijiiy in ihc general Inicrncl market. In ihc ITccK 
and related models |-I9|. personal computers arc bundled with Inicrncl access and the 
wholc package is lulK orpariialb subsidized In ad\ cn isiny and c-coinincrcc. 

Most content-related par.icipants in ihc Neipage Nelwork. and even Inicrncl service pro- 
viders, can beneln Irom directly investing in Neipage I'rinler deployment. 

10.3 Maturity 

Many of Hie bundling approaches are likely to remain applicable once ihc nelwork 
becomes widely subscribed. It is possible that the bundlins- of the appliance (ic ihc 
Neipage Printer) will, the service (be il Internet access or a publication subscription) will 
remain the dommant means of distributing the appliance, as it is in the cellular telephone 
market, and as an increasing number of companies, inclucliim IBM | I9|. are be-innin-. 10 
believe it should be in the personal computer market. * = ' 

10.3.1 News Publishers and News Aggregators 

News publishers with strong brands are likely to be able leverage those brands on the 
Netpage Nelwork. Ihey have an incentive to do so quicklv to prevent newcomers from 
filling the vacuum and capturing the attendant advertising revenue. 

News publishers also have an incentive to migrate to the Netpage Network because ii 
allows them to offer the more fine-grained targeting that advertisers are inc.easin<>lv 
demanding, and which ihey are increasingly seeking elsewhere. 

News publishers who create content rather than simply aaiireuating other sources have a 
significant advaniage, since ihey offer both unique content and an editorial voice Users 
are more likely to choose a single news publication whose content and editorial orienta- 
tion they hnd usclul. than specifying to a news aggregator how to «luc together a number 
of disparate news sources. And any sufficiently strong news publication brand is unlikelv - 
to make us content available to an aggregator, since the aggregator will be takmu a pro- 
porlion ol advertising and e-commerce revenue. 

The Netpage Neiuork. like ihc Web. offers lower burners to entrv than traditionaf publish- 
mg media, and this naturally stimulates greater diversity. However, the ueouraphic inde- 
pendence ol the nelwork. coupled with built-in mechanisms for" localization of 
publications, allows international, national and regional news publications lo more easily 
compete in local news markets. ' ' 

The strength of a traditional local news publication lies partly in its local news content and 
partly m Us local retail advertising and classilicd advcrlisin« content. Aggregation ofclas- 
s.l.cd advertising is already happening on the Web. and the Nctpaue Nelwork will make 
Ihc same llnng possible lor local retail advertising. Local news publications are therefore 
likely to be excluded Iron, the direct capture of local advertising, and may instead trans- 
form themselves into news gatherers feeding localized editions of larger publications 



10.3.2 Advertising Aggregators 



Ihc Neipage Network promises lo be the most effective advertising medium ever con- 
ceived. It combines ihc editorial and print H uala> of traditional publications will, arbi- 
i'-ardy Imcly largelcd advertising, and provides a direct link between advertising product 
inlornialion. ami purchasing. 
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Because personalization and localization ;nv handled automat icalb In Ncipaue Publica- 
tion Servers, an advertising aggregator can provide arbitrarily broad coverage of both 
geography and demographics. The subsequent disaggregation is efficient because ii is 
automat ic. 

I his makes ii more cost-effective for publishers to deal wilh advertising aiiureuiitors tluin 
lo directly capture advertising, ({veil though the advertising aggregator is taking a propor- 
tion of advertising revenue, publishers may llnd the change prof it-neutral because of the 
greater efficiency of aggregation. 

Because of the liner targeting supported by the Net page Network, publishers and advertis- 
ing aggregators have a larger advertising space to sell, leading to greater profits. The link- 
ing between advertising, detailed product information, and purchasing, and the 
corresponding ineasurability of consumer behavior, leads to greater profits from 
click-through fees and e-commerce commissions, benefiting publishers and advertising 
aggregators alike. 

Added revenue from these fees and commissions may even allow users* costs - printer, 
ink, paper, and Internet access - to be fully subsidized. 
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11 Printer Product Design 

Nelpage Primers arc intended lor use in domestic, commercial, corporate and hospitalit\ 
environments. They arc all based on a straight paper path, passing through a Mem jet trans- 
fer roller printhead mechanism. In most cases the printed page is glued along one edue and 
adhered to the previous page to form a final hound document that can he i pane or 500 
pages thick. They all interact with the wireless Netpagc Pen. 

Netpage Printers- are primarily intended for unobtrusive wall-mounting. They also come in 
tabletop and portable versions. 

11.1 Wallprinter 

A low-cost, wall-mounted, base model with a duplex 8'/ 2 M Memjet printhead array that 
accepts a full ream of US Letter paper in a vertical format as shown in Figures 5, 7 and 8. 
Paper is placed into a hinged top tray down onto a sprung platen and registered under edue 
guides before being closed. Figure 6 shows the access to the paper and ink cartridge. 

A replaceable cartridge containing cyan, magenta, yellow, and infrared inks and glue is 
also accessible when the tray is open. It connects via a series of self-sealing connectors to 
hoses that transmit ink and glue to their separate locations. The cartridge consists of a thin 
wall drawn aluminum casing that accommodates four ink bladders and a single glue blad- 
der into an injection molded connector base. This is a fully recyclable product with a 
capacity for printing and gluing 3000 pages ( I 500 sheets). It is protected from forgeries by- 
use of an authentication chip. 

When closed, a release mechanism allows the platen to push the paper against the pick-up 
roller assembly, where it is fed directly into the duplex printhead assembly. From there, 
the sheet passes a momentary action glue wheel with powered spike wheels, where it has 
glue applied to the vertical edge as it passes through. The glue wheel is capped when not 
in use and is operated by a powered camshaft. 

The printed sheet is fed down to a binding platen that operates with a closed steel wire 
loop system of pulleys, runners and a powered axle. This provides the necessary speed to 
push the sheet forward onto the rear of a previous sheet, glue/bind it and return to the 
home position to accept the next printed sheet in less than 2 seconds. A motorized paper 
.tapper assembly aligns the sheets in a simultaneous operation. 

When a document is bound and finished, a powered exit hatch with a tamper sensor opens. 
Plastic foils work together with the hatch to direct the finished document to the back of the 
collection tray and feed any further documents into the tra\ without hiding exist in^ ones. 
The collection tray is molded in clear polycarbonate and pulls out of its socket a cer- 

tain loading. Access for removing documents is provided on three sides. 

I he printer has a main PCB that accommodates all major circuitry components including 
external data jacks. A flex PCB runs from the main PCB to the paper tray and has three 
different color l.i;i)s and a push button. The UT)s indicate "on", "ink out", "paper out", 
and "error". The push button is a "help" interface thai prints out a simple instruction sheet 
and a compact features directory for the user. The unit is powered hy an internal MOV 
power supply thai is connected before wall-mounlim'. 
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Figure 6. Wallprinter paper and ink cartridge access 

The printer has several metal hangers on the rear, which locale into keyhole slots in a 
metal back plate that is securely fastened to a wall. When the printer has been connected, 
it is hung onto the back plate and fixed with a locking screw found under the paper tray. 

The Netpage Printers are fully customizable in finishes and color as the front moldings 
clip on to a core, chassis and are easily removable. 
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11.2 Wallprinter Pro 

This printer is similar to Wallprinter in most respects, except that it has a duplex l I " print- 
head assembly, which prints on US Letter paper in a landscape formal (see Figures 9. 10 
and I I). This means a faster print time and binding time for each page, making for faster 
overall document delivery. 

Another difference is the location of the ink cartridge, which resides above the paper tray 
rather than down the side. Each page is glued along the horizontal edge by a full-length 
glue sponge, which is capped when not in use. Operation, printing, and document han- 
dling are identical to Wallprinter. 

Wallprinter Pro is fully customizable in finishes and color. 




Figure 9. Wallprinter Pro 
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11.3 Tableprinter Pro 

This printer is a tabletop version of the Wallprinler I *rt>. Kssenlially. it is the same primer 
li 11 i t \v itli a base plimh that adds exira functionality, such as USB. parallel port and a power 
socket (see Figure 12). 

Tableprinter Pro is fully customizable in finishes and color. 




Figure 12. Tableprinter Pro 
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11.4 Wallprinter Pro R 

I his printer shares the same printing and binding configuration of US Letter landscape 
format as Wallprinter Pro. The main difference is the media delivery, which is in the form 
of a large print roll cartridge (see Figures 13, 14 and 15). This cartridge accommodates C 
M, Y 5 and infrared inks and glue as well as a 1000 sheet capacity roll of paper. The car- 
tridge can be recharged at nominated outlets when required and it is protected from forger- 
ies by an authentication chip. 

The printer has integral structural metal work to support its weight and a ball bearing track 
for easy loading and removal. 

Wallprinter Pro R is fully customizable in finishes and color. 




Figure 13. Wallprinter Pro R, with print roll extracted 
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11.5 Tableprinter Pro R 

This primer is a tablclop version of the VVallpriiHer Pro k. Kssentially. it is the same primer 
unii with a base plinth lhal adds extra funeiioiuiliiy. such as USM. parallel port and a power 
socket (see Figure 16). 



Tableprinter Pro R is fully custom izable in finishes and color. 




Figure 16. Tableprinter Pro R 
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11.6 Travelprinter 



, V T! ■' f i'"^ '' wrSi,,i,tS1 " 11 «»»'Plc.cl> portable Nc,,:,,,. I>nn,er ( scc I',... 
» «~s I / and IS) i, has ,n-buil, mobile network communication hardware ;1 ncl soliw.ro 

J;™; " ,M dou : n,o;,d d ™» s *•*«"«■•«■•■ Travel,™,^ a,,, „ : , 

pons lot computer interlace printing when required. 

The printer consists of a front and rear molding with a chassis to accommodate the major 
components including a li.hium battery and an 8/ 2 " duplex Mcnjc. p, mthead assembly 

A compact print roll cartridge with C. M, Y and infrared inks and paper is used in the 

-T^ScC us Lc,ter p;igcs or 100 A5 — " 1S — * L — * »» 

A motorized guillotine assembly cuts the media between the cartridge and the primhead 
«nd motorized sptke wheels eject the finished print out of the unit. A^.lex PCB ™ 

he mam board to a segment LCD and two push buttons-. The LCD shows signal stret Z 
any m o,,, battery and number of pages left in the cartridge. The buttons allow .he pr n r 

o Cher connect to the Netpage Network or to act as a stand-alone printer. A USB te 
lace ,s prov.ded on the side of the printer along with DC 3V input. 




Figure 17. Travelprinter, with print roll extracted 
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Netpage Pen 

I'hc Netpage I'en is an intelligent, interactive wriiinu implement that communicates wiih 
the Netpage Printers mid the Netpage Network, li allocs tin: user to write normaiK wi-h 
:m ink nih or use a non-marking stylus. Rotating the top „niic pen seieeis between ihcm. 

The pen has a distinctive shape that is both economic and funciional. with imamm- opiic, 
and electronics housed in the 'underbelly' (see l-'igures I 9. 20 and 2 1). ** """ 




/ 




Figure 19. Netpage Pen, shown full size 

f he pen eons.sts ol a mctaf inb thai is removable lo allov. „,;. carlnd,,, replacement, fol- 
lowed by a tinted d.lluser. The dil'fuser houses an antenna and two I.KDs on a Ilex PCM 
the lust is located on topolthe pen lor good all-round visibility. It is a iri-cnlor I ID thai 
responds in three modes when the pen is in ,,se: periodic ib-.hm^ ; ,u,, when il is online 
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10 the printer, momentary green when an operation succeeds, momentary red when an 
error occurs, yellow when ii passes over an active area on the page. A separate lens is 
mounted into the diffuse r. which is optically de-coupled. The lens sits under a second 
LED that emits infrared light onto the page. The illuminated image is auto-focused onto a 
controller chip with an on-board image sensor via dedicated optics. The optics chassis 
accommodates a PCB with various components, including an induction coil for recharging 
and a MEMS chip. This chip also includes an optical sensor for detecting pressure move- 
ment in the metal cam turning when either the stylus or the ink cartridge is used for writ- 
ing. The cam turning is connected to a terminal collar that has the contact strips for a 
rechargeable battery. This assembly is fitted into the pen top and connected via two flying 
leads to the PCB for power transmission. The top assembly is pushed into the body mold- 
ing where it is free to rotate. By turning the top through 90-degree steps the pen has the 
stylus out, the pen out or both retracted. The pen has a standard length of 154mm and 
diameter of 1 1mm. 




Figure 20. Netpage Pen, exploded 
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Figure 21. Netpage Pen 
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Pen Charging Cup 

The pen c!i;iri:in^ cup a simple device ta.ii ■.imultancousK recharges any number of 
Netpagc Pens ih;if are placed in il. !igu:e .*:.! shows ihc unit components which arc an 
inner molding, base molding, an i n ck : c ; i t ) ; i coil, a (crminalion block, a LKL). a diffuser 
molding and an exit win: to a }\ ; IX" power supply ! he inner molding accommodate:; fhe 
induction coiL which is held captive when ihc uni: is assembled. The coil passes through a 
termination block, where a Hying Id- 1 .) i> :i is* » attached. The Lid) is positioned at the lop 
of the unit under a di flusei . so it acts as a beacon to indicate thai it is active. The charging 
cup is 70mm in diameter by 93mm high. 





Figure 22. Nctpage Pen charging cup 
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12 Memjet-Based Printing 



A Memje. pnnthead produces 1 600 dpi bi-lcvel CMYK. On low-d,llusion .nrer 
cjcc.ec drop lonns an almost pe, ledy circular 22.M,.n, dunned do, , ^ l v 

cl»ccd .„ ,sola„on. allowing dispersed-do, dithering ,„ be exploited to „s ^ s Zc '. 
Mcmjc, pnnthead is the width of the page and operates wi.h'a constant pap vcl™ - 

c Z ere' P '"!' Cd ^ reS '' S,ra,iHn - "°"on-dc p ,i " 

Since li ce . .consequently no spatial interaction between color planes the J it 

"uunx ,s used for each color plane. Dot-on-dot printing n.ininuxes -, ™ t dvi " of k 
tones caused by inicr-color bleed. »»«ci\n. a ol mid- 

A page layout may contain a mixture of images, graphics and text. Continuous-tone (con 
•one) usages and graphics are reproduced using a stochastic dispersed-do, ■ dUhe Unl ik c i 
ch.stcred-dor (or amplitude-modulated) dither, a Cis^l-J (» r frequency-moi^ 
dt.her reproduces high spatial frequencies (i.e. image detail) almas, to t. e I mi o( he do 
resolution, while simultaneously reproducing lower spatial frequencies ZZnlTcZ 
depth, when spat.ally integrated by the eye. A s.ochasnc clither matrix c e 2 Z 
des, gn ed to be free of objectionable low-frequency patterns when ti.ed aeros he ,^ 
As such ,ts size typically exceeds the minimum size required to sunoort a „ t 
ber of intensity levels (e.g. ,6x16x8 bits for 257 intensity levels) 

Human contrast sensitivity peaks at a spatial frequency of about * cvcles per deo.ee of 

lo cy «' tZ2 re" «* a factor of .00 Zo^Zn 

0 cxclcs pc, deg.ee and becommg immeasurable beyond 60 cycles per degree At a nor 
"... vK.-w.ng distance of 12 inches (about 300mm), this translates rought to ?00 00 

N^sir on ,he pnmed ^ °> 4oo - 6o ° «<- - 

In practice, con,one resoluuon above about 300 ppi is of limi.ee; util.tv outside specif 
-PP -at.ons such as med.cal imaging. Offset printing (1 f mauazmc , lbr example "Xcs 

contone resolutions m the ran.'c I SO to MH) nni Mi.,h .,• , i , 1 1 

color error through ,|, e dnher. " " ^ ^ * M ^ ^~My to 

' ,!U ' k ,c ' xl i,,ul ^'''P'.'cs arc reproduced cliiccilv usin- bi-levc! bhek do,-'- •„.,! ,,, . .. ,• 
.H« an.iajia.sed (i.e. low-pass m.crcd, before being p rimud . Tcxl " ! J 1 .^X^ 
bC ' VWnd ' L ; " e, ; Ce " ,li: " ""^ <"»«"«ccl above, to produce smoother cd«cs > 2 
m tegrated by the eye. Tex, resolution. up to about ,200 dpi continues to con. oute^o per 
ce.ved texl sharpness (assuming low-diffusion paper, of course). ' 

I he- Ne.pagc Printer uses a contone resolution of 320 ppi (i.e. ,600-:-S). alK , a blac[ . (cx( 
.mil graphics resolulion of ,600 dpi. 
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Because of the high resolution of ihc Mcmjet primhead. each page must he printed at a 
constant speed lo avoid creating visible artifacts. This means that the printing speed can't 
he var ied lo match the input data rate. Document rasterization and document priming are 
therefore decoupled to ensure the prituhead has a constant supply of data. A page is never 
printed until it is fully rasterized. This is achieved by storing a compressed version of each 
rasteri zed page image in memoiy. 

This decoupling also allows the KIP to run ahead of the printer when rasterizhig simple 
pages, buying time to raslerize more complex pages. 

Because contone color images are reproduced by stochastic dithering, but black text and 
line graphics are reproduced directly using dots, the compressed page image formal con- 
tains a separate foreground bi-level black layer and background contone color layer. The 
black layer is composited over the contone layer after the contone layer is dithered. 

Figure 23 shows the Mow of a Netpagc Printer document from networ k to printed page. 




Figure 23. Netpage Printer document data flow 

A! .120 ppi. a Fetter page of contone I* MY data has a size of 27MB. I 'sing lossy contone 
compression algorithms such a.s JPFd contone images compress with a ratio up lo 10: I 
without noticeable loss of qualiiv. giving a compressed page size of 2. 7MB. 

At 1600 dpi, a Letter page of bi-level data has a size of 29MB. Coherent data such as text 
compresses very well. Using lossless bi-level compression- algorithms such as Group 4 
Facsimile, ten-point text compresses wilh a ratio of about 20:!. giving a compressed page 
size of 1.4MB. 

Once dithered, a page of C'MV conionc image data consists of <X6MB of bi-level data. 
Using lossless bi-level compression algorithms on this data is pointless precisely because 
the optimal dither- is stochastic - i.e. since it introduces hard-lo-compress disorder. 
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■ he <«-«»-l;'yc. compress! page image lorma. therelorc exploits .he relative .uon-.f,. of 
lossy II con.one ,mage compression and lossless hi-level tex, compression l h, ,„,- 
IS COmp: ' C ' c,u,l, S» -u.raue-eincent. and stmplc enough to allow snai-h, loru -ml 
icaMimc expansion during printing. 

Since text and images normally don", overlap, the normal worst-case pa»e ima.-o si/o ,s 
-.7,VIB (,.c. tmage-only). while the normal best case paue imaue size" is NMH 
text-only). I he absolute worst-case paue image size is 4.IMB(i.c. text over inn.-e)' 
Assuming « qnar.cr of an average page contains images, the average page imaue s,xe is 
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Printer Controller 
Architecture 



I he Nelpage Primer controller consists of a controlling processor. a laclorv-selected net 
work interface, a radio transceiver, dual raster image processor (KIP) DSPs, duplexec 
print engines, (lash memory, and 64MB of I )KA M. as illustrated in Piuurc 24. 
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Figure 24. Basic printer controller architecture 

I he controlling processor handles communication with the Internet and with local wire- 
less pens, controls the user interlace (buttons and Lf£Ds), controls the paper transport, han- 
dles ink cartridge authentication and ink monitoring, and feeds and synchronizes the RIP 
DSPs and print engines. It consists of a medium-performance general-purpose micropro- 



I he KIP DSPs rasterizc and compress page descriptions to the Netpage Printer's com- 
pressed page format, Pach print engine expands, dithers and prints page images to its asso- 
ciated Memjet printhead in real lime 1 . The duplexed print engines print both sides of the 
page simultaneously. 

The printer controller's Mash memory holds the software for both the processor and the 
DSPs, as well as con figuration data. This is copied to main memory at boot time. ' 



I. Al .i0i>r-l5 pages- per minute. 
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I he processor. DSPs, prim engines and digital transceiver components are integrated in 
single ASK'. The MI:MS ami analog |<|- components are intenraled in a separate MFMS 
chip, which is also used in the wireless pen. Additional pcn-spccilu: components in the 
MI -MS chip are not used in the primer controller. The Internet network interlace module is 
-separate, since Neipage Printers allow the network connection to he lactorv-sclecied 
Hash memory and lite 2x256Mbit (64MB) DRAM is also oil-chip. 

Various Internet network interlace modules can he supported. Possibilities include a POTS 
modem, a Hybrid Fiber-Coax (HFC) cable modem, an ISDN modem, a DSI • modem a 
satellite transceiver, a current or next-generation cellular telephone transceiver a wireless 
local loop (WEI.) transceiver, etc. A Internet connection mav alreadv he available on the 
local network, m which case only a local network connection mav be required. 

The printer controller optionally includes a local network connection, to allow the printer 
10 be used from a directly-connected workstation or over a local-area network Possibili- 
ties include lOBase-T and 100Base-T Ethernet. USB and USB 2.0. I FEE 1394 (Firewire) 
and various emerging home networking standards. 

The radio transceiver communicates in'the unlicensed 900MI-lz band normally used bv 
cordless telephones, and uses frequency hopping and collision detection to provide inter- 
ference-free communication. 

14.1 Detailed Document Data Flow 

The main processor receives and verifies the document's pane layouts and pane objects by 
Internet pomtcas. and multicast as described in earlier sections. It then runs The appropri- 
ate RIP software on the DSPs. 

The DSPs rasterize each page description and compress the rasterized page image The 
main processor stores each compressed page image m memorv. The simples, wav to 
load-balance multiple DSPs is to let each DSP rasteri/.e a separate pane The DSPs" can 
always be kept busy since an arbitrary number of rasterized panes can in -eneral be 
stored m memory. This strategy can lead to poor DSP utilization, however when rasteriz- 
mg short documents. 

Watermark regions in the page description are rasterized to a conlone-resolulion hi-lcvel 
bitmap which ,s lossless iy compressed to negligible size and winch forms pan of the com- 
pressed page image. 

The infrared (IR) layer of the printed page contains encoded position tans at a density of 
about 25 per inch. Each tag encodes the pane id. tag position, and control hits Active 
a.cas and pressure-sensitive areas in the page description are rasterized to tag-resolution 
hi-level bitmaps which do not require compression and which form par. of .he compressed 
page image. 

The main processor passes back-to-back page images to the duplexed print engines Each 
punt engine stores the compressed page image into its local memory, and starts the page 
expansion and printing pipeline. Page expansion and printing is pipelined because it is 
impractical to store a I (4MB bi-level CMY-i-IR page image in memory. 

I he llrst stage of the pipeline expands the .IPE( i-compressed conlone CM Y lavcr expands 
me (.roup 4 I ax-compressed bi-level watermark map. and expands the Croup" 4 I ax-com- 
pressed b.-level black layer, all in parallel. The second stane dithers the conlone CMY 
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ia\cr using the dither matrix selected h\ the watermark map. and composites the hi- lev ol 
hlaek layer over die resulting hi-level C'MY layer. Since there is no hlaek ink used in the 
Netpage Printer, the hlaek layer is composited with each of C. M and V. In parallel with 
ill is. the tag encoder generates and encodes the hi-level IK lag data. The last stage prims 
the hi-level CMY : IK data through the Memjel primhead via the printhcad interface. 

14.2 Print Engine Architecture 

The prim engine s page expansion and priming pipeline consists of a standard JPLG 
decoder, a standard Group 4 Fax decoder, a custom ditherer/compositor unit, a custom 
position tag encoder, and a custom interface to the Memjel printhcad. These are described 
in detail in design documents. 

When several print engines are used in unison, such as in a duplexed configuration, they 
are synchronized via a shared line sync signal. Only one print engine, selected via the 
external master/slave pin, generates the line sync signal onto the shared line. 

In the 8'/2" versions of the Netpage Printer, each print engine prints 60 Letter pages per 
minute along the long dimension of the page (I I"), giving a line rate of l7.6KHzat 1600 
dpi. In the I I " Pro versions of the Netpage Printer, each print engine prints 90 Letter pages 
per minute along the short dimension of the page (8Vi*), giving a line rate of 20.4KI-lz. 



r:firk»nM;ii 
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I hose lino rales arc udl within the opcrai in- livi|iicnc> olihc Ylemici primhead. which in 
die current design exceeds M)K \ I/.. 
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Figure 25. Print engine architecture 
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5 Pen Controller Architecture 

The Netpage Pen controller consists of a controlling processor, a radio transceiver, a lilt 
sensor, a nib pressure sensor. a IR image sensor, flash memory, and 5 12KB of DRAM, as 
illustrated in fiuurc 26. 
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Figure 26. Pen controller architecture 

The controlling processor captures and decodes IR position tags from the page via the 

image sensor, monitors the lilt and pressure sensors, controls the autofocus voice-coil, 
controls the user interface (tricolor LED), and handles wireless communication with the 
local Netpage Printer. It consists of a medium-performance ( 2 5 Ml i/. RISC) general-pur- 
pose m icro process or. 

Two-axis tilt sensing is provided hy a two-axis acceleromcter. Nih pressure sensing is pro- 
vided by an IK eniiiter and photodiode pair in conjunction with a reflector coupled with 
the sprung nib. 

The processor, digital transceiver components, 96x96 image sensor. Hash memory and 
512KB DRAM are integrated in a single ASIC. The MI-MS and analog RF components, 
accelerometers, and (he IK emitter/photodiode are integrated in a single MI-MS chip, also 
used in the Netpage Primer. 



The radio transceiver communicates in the unlicensed 900MI1/. band normalK used In 
cordless telephones, and uses frequency flopping and collision detection to provide inter- 
ference-free communication. 
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16 Position Tag Data Format 

The entire page is I i loci wilh position lags. I ' ; l c 1 1 position lag musi he independent, to allow 
lor single-point virtual button and hyperlink presses, and so contains both the local X-Y 
position and the global page id. In addition particular flags are associated with each taii. 
such as whether the pen should turn on its light while over the lag. 

The tag data (page id. a local X-Y position, and a number of Hags) is error-correclably 
encoded as a square binary matrix which is printed as an array of bi-level macrodots. Hach 
macrodot itself consists of a square of one or more dots to ease image processing. 

The position encoding supports a particular page size. Where the physical page size 
exceeds this virtual page size, the physical page is simply tiled with multiple virtual pages, 
each with a different page id. Figure 27 illustrates the concept of a page tiled with posit ion 
tags. The contents of each tag are not shown on this illustration. 




Single Tag 



Figure 27. A Page contains a tiling of position tags 

The tags are printed in an infrared absorptive ink thai can be read by ihe pen device. Since 
black ink is IK absorptive, limited functionality can be provided on offset-printed pages 
using black ink on otherwise blank areas of the page - for example to encode bullous. 
Alternatively an invisible infrared ink can be used to print. the position tags over the top of 
a regular page. However, if invisible IK ink is used, care must ne taken to ensure that any 
other printed information on the page is printed in miriwed- /r-anspurent CMY ink, for 
black ink will obscure the infrared tags. The monochromatic scheme was chosen to maxi- 
mize dynamic range in blurry reading environments. 

Simple virtual button presses don't specifically require invisible ink. (Unions could be vis- 
ibly coded since the real estate is available. Hyperlinks require invisible ink. but don't 
require anything else fancy. 

Defining the following encoding parameters: 



Table 4. Encoding parameters 



parameter 

P 


definition 


typical value 


virtual page width (inches) 


ri 


d 


dot pitch (dots per inch) 


1600 


k 


macrodot width (dots) 


4 
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Table 4. Encoding parameters 



parameter 


definition 


f\ / n 1 1 1 iy li r A 

lypicdi vaiue 


b 


registration border width (macrodots) 


2 


r 


data redundancy factor 


1.5 


m 


coordinate precision (bits) 




9 


page id precision (bits) 




s 


tag width (macrodots) 




n 


tags per page a 




X 


position resolution (points) j 





a. per dimension 
the lag width is uiven by: 



.v = b + Jr{2m + 



(I) 



Given a particular tag width, the number of tags per page in each dimension is given by: 
pd 

This in turn yields the required coordinate precision: 
/// = log 2 // (3) 



If 10 billion people all generate 100.000 pages per annum for !000 years, they will vener- 
ate I0 1 * pages, or approximately 2 60 pages. A page id precision of 6-1 bits should therefore 
be sufficieni. nolwiihsiaiuling issues of efficient contiguous pa Lie id allocation. 

Assuming a page id precision of 64 bits, and other parameters as given in Table 4. the 
equations converge on a tag size of 17 macrodots. 28.1 tags per page dimension, and a 
coordinate precision of 1 ) bits. We round up to 10 bits for luture-prool lim. 

Given a particular lag width, the position resolution is given by", 
2S.4A-.V 



(I 



(4) 



and. in points, is given bv: 



I his yields a position resolution of ?> points ( 1 .0<Smm at 1600 dpi). 

Magazine-quality primed text normally has a size of 10 points, forms filled in bv hand 
normally allow for handwritten text with a size of about 20 points. A position resolution of 
} points therefore iranslales to a character-oriented resolution of .,..>: I lor printed text and 
6.6: 1 lor handwriting recognition. This position resolution can be increased to the 200 dpi 
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required tor handwriting recognit ion by taking into account the position of the ta^. within 
the captured image area. 

With a position tag size of 17 macrodots. and 4 1600 dpi dots per macrodol. the raw posi- 
tion tag gives 24 positions per inch. Consequently any positioning scheme must achieve 
10 limes better resolution based on lag position within the sensed image, tilt etc. 

16.1 Position Tag Structure 

Each position tag encodes. the following information: 



Table 5. Data Encoded in a Position Tag 



Name 


#Blts 


description 


Pageld 


64 


Defines the Netpage page instance id 


X 


10 


Defines the X coordinate within the given Pageld 


Y 


10 


Defines the Y coordinate within the given Pageld 


LightEnable 


1 


Defines whether the pen should turn its light on while over 
the tag 


ContinuousPressure 


1 


Determines whether the pen should return continuous 
pressure or not while over the tag. 

0 = don't return pressure readings. 

1 = return pressure readings 


Reserved 


4 


For future use. Store as 0 for this version. 


TOTAL 


90 





Each position tag is a I 7x I 7 array of macrodots, with each macrodot being a 4x4 square 
of 1 600dpi dots, as shown Figure 28. 




1 7 macrodots 

Figure 28. Macrodots in a Position Tag 

Since the dots are monochrome IK absorptive dots are primed on a non-absorptive back- 
ground a "black macrodot" is physicaJly different from a "white macrodot". Figure 29 
illustrates -a magnified view of macrodots. 
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Black and Black macrodot 

white macrodots surrounded by white 

Figure 29. Magnified Macrodots 



White macrodot 
surrounded by black 



The position tag structure is based on concepts used in the Aztec 2D Barcode [981 
(invented by Andy Longacre of Welch Allyn Inc. in 1995, and is in the public domain) 
While the position tag uses the same bull's-eye structure mechanism from the Small Aztec 
Symbol for symbol location and orientation, we define our own interpretation for the 
mode bits and do not allow variable -length structures. In addition, the position tas is a 
17x17 array, which is not possible in a pure Aztec code. 

Figure 30 shows the high level structure of a position tag in relation to its 17x17 macrodot 
array. The target/orientation area consists . of a 5 level bull's-eve with 3-bit orientation 
markers on the outer corners. The format of this area is identical to that used in the Small 
Aztec Barcode although it is placed off-center. The Mode Data Area is the area between 
the orientation markers in what would have otherwise been the 6th level of the bull's-eye 
target. The remaining area is used to hold the actual data for the position tas. 




Legend 

n Target / orientation 
■ area (fixed patterns) 

□ Mode Data Area 
Data Area 



Orientation Markers 
Top Left 

□J Top Right 

j~j ^ Lower Left 

^ M Lower Right 



Figure 30. High Level Structure of a Position Tag 



Confidential 
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16.1.1 Target and Orientation Area 



The target and orientation area is a llxed pattern as shown in figure 3 I. The format o t" I h is 
area is idemieal 10 lluii used in ihe Small A/lee liarcodc. 




Orientation Markers 
Top Left 



Top Right 
Lower Left 
Lower Right 



Figure 31. Target and Orientation Area 

The black positions in are black macrodots, and the white positions are white macrodois. 
The 5 level bull's-eye pattern is easily found in a 2D image by scans for topological con- 
nectivity, then useful for pinpointing the exact center regardless of orientation and for 
determining the main axes and local X-Y dimensions. On the four corners of the target are 
3-bit clusters of orientation bits, which allow the tag's orientation (and even possible mir- 
ror imaging) to be quickly determined. 



16.1.2 Mode Data Area 



The bits in the layer immediately adjoining the target (other than the orientation bits) com- 
prise a 28-bit string, starting tipper left and circling clockwise. This area is known as the 
Mode Data Area. The relative position of the 28 Mode Data bits can be seen in Figure 32. 



Mode Data bit 0 



Mode Data bit 27 



f i • ! M l !: LTj 



.Target/Orientation Area 



Figure 32. Mode Data Area 

The 28-bil siring is encoded mela-information used to decode the remainder of the posi- 
tion tag. Of" particular note is the first bit of the meta information. If this bit is 0. then the 
decoding of the data area is as described here. Setting this bit to I allows for redefinition 
of the position tags a! some later date while remaining compatible with existing pages. 
The meta information and its encoding to 2S bits is described in Section I 6. 2. I. 



16.1.3 Data Area 



When the first bit of the meta information decoded from the Mode Data Area is 0. then the 
data area is defined to be the 1 68 bits as shown in Figure 30. 



The encoded message data is placed onto the tag in 2-cell high layers, starling at the upper 
left and spiraling clockwise out to the edge of the symbol. The data is therefore interpreted 
as a sequence of related "dominos". each I wide and 2 tall, with their more significant bit 
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:i!wii\s liinhcr from the i.-;,-ge! area <a black macrodoi represents a " I bit. and -i vv|,jte 
macrodoi represents a "0" biif figure >() illustrates tin; sequence and orientation of the 
dominos when turning (he corners in ihc data area. 



i ▼ 



Figure 33. Domino Mapping and Sequencing of Data Area 

The systematic domino-based layout of the data simplifies both encoding and decoding at 
the graphical level. The encoding mechanism for the data is described in Section 16.2.2. 
although it is worth noting here that decoding errors and tag damage are expected to occur 
more towards the edges of the tag. 

Note that the 17x17 structure of the position tag means that with reference to the strict 
Aztec Code, the first layer of data is complete, but the second layer of data is only half 
full. If the second layer was completely full the position tag would be a 19x19 square cell 
with the target area in the center. 

16.2 Position Tag Encoding 

16.2.1 The Mode Message 

fhe 28-bit string in the Mode Area is used lo hold 8 mode bits. I "hose 8 mode bits describe 
how the remainder of the position lag bits were encoded. 

The 8 mode bits are encoded into 28 bits via Reed Solomon Encoding. The Mode Area 
therefore holds the 8 mode bits and 20 additional check bits. Hie 8 mode bits are parsed 
into two 4-bit words, and then 5 additional check words are computed by systematic 
Reed-Solomon encoding over the Galois field GF(\6) based on a prime modulus polyno- 
mial of: a +.v+ I (■--■] 9 decimal). The generator polynomial of (.v-2 ! )..(.\-2' 1 ) is: 
.\ *' ■(- I I v' 1 -f A.y 1 -\- b.v -\- 2 

Keed-Soiomon encoding was chosen for its ability to deal with burst cvvo\^ and effectively 
detect and correct errors using a minimum of redundancy. Reed Solomon encoding is ade- 
quately discussed in |99|. |82|. and The reader is advised U> refer to these sources for 
background information. 

fable 6 shows the interpretation of the mode bits. Note that the first bit of the mode data is 
a version' bit. and determines the interpretation of the remainder of; the -mode bits and the 
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tag data. The Version hii should therefore be set ioi>. Later interpretation^ of the tag can he 
defined al a later date via the version bit. 



Table 6. Interpretation of Mode Bits 



#Bits 


Name 


Description 


0 


Version 


0 = the interpretation of the remaining 7 bits and the data area is 
as described in this document 

1 = for future use 


1-2 


NumMsg Words 


Defines how many 6-bit codewords of the data area are message 
codewords, and how many are check-word codewords. This num- 
ber is determined by the encoding scheme used for data (see 
Section 16.2.2). Values are; 

00 = 15 data message codewords 

01 = 16 data message codewords 
10=17 data message codewords 
11 = 18 data message codewords 


3-7 


Reserved 


0 



16.2.2 The Data Message 

The Data Area contains 1 68 raw bits, which is an encoded form of the 90 bits of position 
tag data (sec Table 5). The 1 68 bits are represented by I 04 bits in the first layer surround- 
ing the target area and 64 bits in the layer half surrounding the first. 

The 90 bits of position tag data are encoded into 1 68 bits using two steps. .The first step is 
lo break the 90 bits into codewords of 6 bits such thai there arc no codewords with all 0s or 
all Is, The second step is to Reed-Solomon encode the data over the Galois Held Gl ; (64). 
which generates additional 6-bit check words. 

16.2.2.1 Step 1: Message Encoding 

In the Inst step of message encoding, the '-J0 Jala b;^ is laid into a sequence of 6-hii mes- 
sage codewords in a generally direct fashion, starting at the most significant bit of the tirs; 
codeword, with two key exceptions: 

• Whenever the first 5 bits placed in a codeword are all "0" s. then a dummy " i" is 
inserted into that codeword s I .SB and the following message bit starts off the next 
codeword. 

• Whenever the first 5 bits placed in a codeword are all "l : "s T then a dummy "(V is 
inserted into thai codeword's I. SB and the following message bit starts off the nexi 
codeword. 

In the end. the character and byte boundaries in the original 90-bit message have no neces- 
sary relationship with the codeword boundaries, wp it) 5 bits may remain unfilled in the 
Una! message codeword, and they are to be padded out with " I' s {and possibb a finai 
dummy "O' il necessary) to eliminate any ambiguity. 

The code-forming rules are designed to never create a /uc.s.sa^c codeword ol all Os or all 
Is. but the error encoding adds on additional codewords of any value. Thus- during decod- 
ing, an occurrence of those illegal values within the message region (but nut within the 
cheek region) can be regarded as a correctable crtt\urc (this is more useful than not know - 
ing which codeword is in error). 



23 May 1999 



83 



Silwrbroo, Search Netpagc System Design Description preliminary vO i 



In the case ^Wnn l >0-bii original messages, there arc two easc^ io consider: 

* the /Vv/ case is that I S code words arc generated for the data mos^iuc 

• the uw\/ case is iluu IX code words arc generated tor the data message 

Ihc codeword based message i hero lore consumes I) 6-bit codewords, where D is in die 
laime I 5- IN. 



16.2.2.2 Step 2: Generate Check Words 



I hc second step of message encoding involves generating the check words for the data 
message. Since die daia message consumes between 15 and 18 6AYn of die 28 available 
codewords, die remaining 13 to 10 codewords can be used lor check words. 

The K additional check words are computed by systematic Reed-Solomon encoding over 
the Galois Held GF(64) based on a prime modulus polynomial of: .v' + x+ I (^"deci- 
mal). The generator polynomial is simply expanded out to (.v-2 f )..(.v-2 A ) as needed at the 
time of print ing. The check words are not adjusted in the same way as the message bits are 
adjusted. " to 



16.2.2.3 Step 3: Place into Data Area 

The final message to be stored in the data area of a position tag consists of 28 6-bit code- 
words made up of D message codewords followed by K check codewords. The exact num- 
ber of message codewords, D, is stored into the 2-bit NumMsgWords component of the 
Mode information for the position tag. 

I he resulting sequence of codewords is parsed anew into a sequence of 2-bit dominos (see 
Figure 34) and is then taken in reverse order and graphically laid spiralling clockwise and 

outward through the data area (see Figure 33). As decoding errors and ta« damage are 
expected io occur more towards the edges of the tag. by reversing the codeword sequence, 
die message codewords occupy those ediie regions. 



MSB 



-bit codeword 



! I 



LSB 

7)1 





2 |() 


Li 


III 



- 2-bn cicminos 



Figure 34. Relationship of 6-bit codeword to generated dominos 

One macrodot is placed into the data area per bit. The placement of an IR absorptive ink 
macrodot represents a " I "\ inhere is no IK absorptive ink placed on the page at (he partic- 
ular location, then that macrodot represents a "{)" . 
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7 Ira-Pen Processing 



I'lic pen must sent! the ;ippi i;mcc !00 samples per second, fhe mechanism for reading 
positional inl orniai ion from the position tags musi work at this 100 1 1/, rate. The follow ing 
tasks must be performed eaeh sample: 

• Capture time, till and pressure 

• Capture the image 

• Locate the position tag 

• Decode the position tag 

• Build stroke information 

• Activate the light as required 

• Encrypt the stroke data 

• Transmit the encrypted data 

When a pen down is registered, we capture the first three frames at the two extreme focus 
values and the middle focus value. After that we perform regular auto focus based on a 
sharpness metric. In this way we are more likely to capture a "'single-click 1 ' event. 

While the pen is in range of the receiver unit, partially completed strokes are transmitted 
as they are being formed. When the pen moves out of range, stroke information is buffered 
within the pen (approximately 12 minutes of pen motion while physically on the page), 
and transmitted later. 



f-ach pen contains a characteristics block which can be read by the appliance. It contains at 
least the information shown in fable 7; 



Table 7. Pen Characteristics Block 



Name 


Description 


Penid 


A unique pen identifier - unique across all pens 


Modelld 


The model number of this pen a 


Manufactureld 


The manufacturer of this pen 


Tiltlnfo 


The relationship between tilt and pen position 



a. This can be combined with Manufactureld to allow the appliance to download a set of 
pen characteristics. However it may be more convenient to store the characteristics 
(such as Tiltlnfo) in the pen for convenience 



1 (A Position Tag Decoding 

17.1.1 Capture Time, Tilt and Pressure 

The pen contains a number of sensors, including current pressure and lilt. 

17.1.1.1 Time 

All measurements are made in the context of a particular lime stamp. .The pen contains a 
timer to enable equalb I ime-spaceil measurements to be made. Although we capture sam- 
ples at a rate of I00 per second, we report lime at the millisecond resolution to allow lor 
future improvements to the pen. Time resolution is provided at .12 bits. 



:fKk':!il:-.i = 
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1.1.2 Tilt 



I lie pen contains 2 till sensors - each one direct l\ measures lih lor a given axi> u nli a res- 
olution accuracy u> ai leasi 5 bits. 

I lit is required to determine (he nib position. The appliance uses the two tiit values and the 
pen s non-corrected pen position to determine the actual pen nib position. The Pen Char- 
acteristics mock contains the relationship required lor the calculaf ion. Oflloadinu the cor- 
rection calculation to the appliance reduces pen complexity and price. 



17.1.1.3 Pressure 



rom 



I he pen contains a pressure sensor which measures to an accuracy of at least 5 bits 
the pen's point of view, the pressure value is only used to determine whether the pen is on 
the paper or not. The appliance is responsible for all other interpretations of pressure, such 
as determining whether an item on a page is being selected. The pen merely passes the 
pressure value on to the appliance. 

liach position tag contains a data bit called ContinuousPressure. If a given pen stroke 
includes position tags that have their ContinuousPressure bit set. then the pressure value is 
passed as part of the stroke information. If the ContinuousPressure is clear, then pressure is 
implied from a stroke in terms of pen-down and pen-up. 



17.1.2 Capture the Image 



fhe image needs to be captured for the pen position to be determined. This only needs to 
happen if the pen is on the page. If the pen is not on the page then capturing an ima«e will 
be a waste of time. 

To capture an image, data must be transferred from the image sensor to a fixed image 

buffer. This process involves a single read and write per pixel. The minimum and maxi- 
mum values encountered diu \nv : the transfer are kept in variables MinPixelEncouniered and 
MaxPixeiEncountered rcspecii vel> for later use in the data recovery process ! see Section 
I 7. i ~\ on page 92). 

I here are a number of general considerations that are pari of the assumptions for reading 
in and decoding a position tag from an image sensor. 

With regards to the image sensor itself, there are two calculations to consider: 

• sensed area calculation 

• image sensor calculation 



In summary, the CMOS image sensor must be able to sense 96x96 pixels over a j.O.Smm x 
.VO.Smin area. This implies an 800dpi sensor. 

finally, the sensed image will be blurrv 

A 96x96 image contains 9.2 16 8-bit pixels. We rounding up to 10.000 pixels for conven- 
mieuce. The transfer process involves on average 6.5 cycles per pixel lor a total of 65.000 
cycles, per: position sample. On a 25 MHz. processor this represents 26% of the available 

bandwidth. 
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17. 1.2.1 Sensed Area 

fhc basic positional tag is I 7x17 macrodots. Since each macrodot is a -1x4 array of primed 
Jots, each macrodol is in fad 6 ( Sx6<S printed Jots. 

To satisfy Nyquisfs Theorem, ihc sensor musi he able lo see ai least 2 tags. If the sensor is 
only large enough to see a single tag. it is most likely lo see pari of one lag and part of 
another. IK being wide enough to see two lags we guarantee being able to see at least one 
complete lag. This requirement increases ihe sensed dot area to 136x136. 

Finally, since the pen musi delect positional tags at any rotation, we must consider the 
worst ease rotation of 45 degrees. This requirement increases the sensed dot area to 
192x192. 

At a printed dot size of 1600 dpi. the image sensor must sense a printed area containing 
192x192 dots ; which equates to 3.05mm (0.12 inches) in each dimension. 

17.1.2.2 Image Sensor Resolution 

The basic positional tag is I7xl7 macrodots. This equates, to a basic sensor resolution of 
17x17 pixels. 

To satisfy Nyquisfs Theorem with respect to the positional lags, the sensor must be able lo 
see ai least 2 tags. If the sensor is only large enough to see a single tag, it is most likely to 
see part of one tag and part of another. By being wide enough to see two tags we guarantee 
being able to see at least one complete tag. This requirement increases the sensor resolu- 
tion to 34x34. 

Since the pen must detect positional tags at any rotation, we must consider the worst case 
rotation of 45 degrees. This requirement increases the sensor resolution to 48x48. 

finally, lo satisfy Nyquist's Theorem wiih respeci to macrodots. we must oversample at 
least at double ihe macrodol resolution, fhis leads to a sensor resolution of 96x96. 

l.-ach sampled pixel is I byte (<S bits). We musi also assume the lowest 2 bits of each pixel 
can contain noise. I )eeodin»i al^orilhm^ must i here fore be noise tolerant. 

17.1.2.3 Blurry Image 

Blurring is introduced into the sensed image in the following ways: 

• Natural blurring due lo nature of the sensor's distance from the page (focus) 

• Variable blurring over the image due to pen lilt 

• Warping of ihe page 

Natural blurring of an image occurs because it is sensed out of focus. Consequently ihere 
is overlap of sensed data in the area sensors. Blurring is useful, as the overlap eiisures 
there are no high frequencies in the sensed data, and that there is no data missed by the 
sensor. However if ihe area covered by a sensor. pixel is too large, there will be loo much 
blurring and the sampling required to recover ihe daia will noi be met. - 

The second form of blurring occurs because the pen has a varied till. Because of ihe pen s 
lili. pari of the image will be in focus, w hile another part will be slightly out of focus. The 
more pronounced the lilt the greater ihe focus difference from one part of the image and 
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ano.her. The sensor lens is spccillcallv designed to minimi/.,- ,he Jillerences in hhim,,. 
across lhe image, hia i[ will S |j|| | 1C ,|, 0IV 

lhe oilier lorn, of blurring occurs when a page is sligh.K warped. When ,l,e warn,',,., is in 
lhe vertical dimension. the distance between ,he page and .he sensor will not he consumi 
and lhe level ol blurring will vary across ihose areas. 

Monochrome dois (IK rcllecve and non-IK reflective) were chosen lor ,l,e ,a»s to -ive 
the best dynannc range in blurry reading environments. Blurrim; can cause problems in 
attempting to cle.ermine whether a given dot is -black" or "white-. Figure shows the 
e fee. of blurring on a position tag composed of macrodo.s. from no blurrino to severe 
hli.rr.ng. Notice how isolated macrodo.s disappear as the blurrinn becomes more severe 




No blurring 










Severe blurring 



Figure 35. Effect of Different Levels of Blurring 



As the blurring increases, the more a given .microdot is influenced bv the surroundm- 
macrodo.s. Consequently the dynamic range lor a particular macrodo. decreases Consider 
a wh,ie macrodoi and a -'black- .microdot, each surrounded hv all possible sets ofm;,c- 
rodots. I he 9 .microdots are blurred, and the center .microdot sampled, l-'mure 36 shows 
the d.s.nbuuon ol resultant center macrodoi pixel vak.es lor black and white .microdots ' 



Figure 36. Generalized blurring curve 
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liLimv .W) is intended to he a rcprcsemai w c blurring, flic curve from pixel values D-INO 
shows the range of black macroclois. The curve from pixel values shows ihe raime 

ol' while macrodiHs. However ihe greater ihe blurring, the more the two curves shil! 
towards the center of the range and i here lore the greater the intersection area, which 
means the more difficult ii is to determine whether a given macrodot is black or white. A 
pixel value at the center point of inierseclion is ambiguous - the macrodot is equally likely 
to be black or while. 

As the blurring increases, the likelihood of a read bit error increases. Fortunately, die 
Reed-Solomon decoding algorithm can cope with these gracefully up to / symbol errors. 
Figure 37 shows the predicted number of Reed-Solomon codewords that cannot be recov- 
ered given a particular symbol error rate. Notice how ihe Reed-Solomon decoding scheme 
performs well and then substantially degrades. If there is no Reed-Solomon block'duplica- 
tion. then only I codeword needs to be in error for the data to be unrecoverable. Of course, 
with the inclusion of erasure detection (via invalid codewords), the chance of correctly 
decodiim the data increases. 



Figure 37. Relationship between data non-recovery and codeword error rate 

figure M only links codeword cvvovs to the total number of Reed-Solomon codewords in 
ciroc There is a trade-off between the amount of blurring thafcan be coped with, com- 
pared to the amount of damage that has been done to a card.. Since all error detection and 
correction is performed by a Reed-Solomon decoder there is a finite number of errors per 
Reed-Solomon data block that can be coped with. The more errors introduced throuuh 
blurring, the fewer the number of errors that can be coped with due to paue damaue. 



17.1.3 Locate the Position Tag 



I he captured image is a 90>W> pixel map of K-bii samples. Me lore an> position informa- 
tion can be decoded, the position tag must be located within the image. Note-that the un- 
cart have any orientation. 

.The first step in locating the lag is to locate a bull's-eye target (Tigure 31) within the 
image. Since we are imaging a wider area than a single lag it is possible that (wo targets lie 
within the image area. 

Since an entire lag must be completely contained within the image, the data area outside 
the target must be visible. As a result, the area of interest fur local in- tar-els is aclualK a 
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subset of (he whole image, t nslcacl of searching a °6x°(> image, onb need search an 
NS;<SS image (a reduction ol" 15% from 9216 samples lo 7744). 

(0.0) 

A . " 1 

Area Oi interest 



4 



4 



88 



88 



Entire image 



(95 ; 95) 



Figure 38. Area of Interest for Target Location 

The 5 level bull's-eye pattern of the target is easily found in a 2D image by scans for topo- 
logical connectivity, then useful for pinpointing the exact center regardless of orientation 
and for determining the main axes and local X-Y dimensions. 

17.1.3.1 Scan for Topological Connectivity 

Prior to image traversal we initialize an 88x88 array of flags with 0. This array keeps the 
visited status of the corresponding pixel in the image. If the flag is 0 we have not yel vis- 
ited the pixel. If it is I or 2. then we have visited the pixel and bit I of the flag contains the 
sense of the bit (I for black, 0 for white). 

We then start with the lop left pixel and compare adjacent pixels in order to build a con- 
nectivity structure for the top left pixel. If the top left pixel is considered it) be white, then 
the connectivity .structure will represent all connected pixels that are also while. 1 1' the top 
pixel is considered lo be black, then the connectivity structure will represent all connected 
pixels that are also black. As edges are met due to di (Terences in color sense, adjacent con- 
nectivity structures a. re built. 

The owlcv of pixel traversal in the image simply follows a standard pixel till algorithm. 
There are many such algorithms to be found since this is a useful operation for paint pro- 
grains. Near-optima! algorithms such as [29] and |37| only read each pixel once on aver- 
age. 

In our case we must also consider the notion of color sense. Target location does not 
require the sophistication of the maerodot reading algorithm for mode bits and data hits 
for determining if a maerodot is black or while (Section I 7. 1. 4. 2 and Section I 7. 1. 4. 4). 
The minimum and maximum pixels encountered during the image capture were stored in 
MinPixelEncountered and MaxPixelEnco.untered respectively, and these are used to set the 
threshold for black/white as MidRange = (MinPixelEncountered + MaxPixelEncountered)/2. 
Anything greater than or equal lo MidRange is considered to be while, and anything less 
than MidRange is considered to be black. 

As each connectivity structures is completed, il is compared against the expected values 
for the 5 bull's-eye layers surrounding the target center. Possible matches are added lo one 
list, while non-matches are discarded. 
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The total lime taken tor processing the image is approximately 6 cycles per sample pixel. 
This equates to 46.464 cvclcs (SNxX8x6). or 10% of the available processor bandwidth. 

• 7.1.3.2 Determine Target Axes 

The connectivity structures can now be examined together in order to locale the : argot. 
The identification of 2 or more concentric structures is enough to determine the X V axes. 

Taking one of the completely isolated concentric structures, 2 points on each of the 4 sides 
are chosen where the distance separating them is at least 3 pixels. For each point, the pixel 
of maximum whiteness or maximum blackness is chosen as the estimate of the center of 
the line. The estimate should be within I pixel of the actual center. 

The process of building a more accurate position for the line center involves reconstruct- 
ing the continuous signal for 7 scanline slices of the line, 3 to either side of the estimated 
center. The 7 maximum values found (one for each of these pixel dimension slices) are 
then used to reconstruct a continuous signal in the column dimension and thus to locate 
the maximum value in that dimension. 



/ / Given estimates column and pixel, determine a 

/ / bee terColumn and betterPi :-;el as the center of the target 

for (y=0; y<7; y++ ) 

for (:-: = 0; x<7; x + + ) 

samples [x] = Ge t Pixel (column- 3+ y, pixel-3+x) 
FindMax (samples, pos, maxVal) 
reSamples (y] = maxVal 
if (y == 3) 

betterPixel = pos + pixel 

} 

r : r. c a :•: ( reSamples, pos, ma :■: V a I. 1 
':: e -■ z e r C o I u ran = pos -i- c o 1 v. mn 



FindMax is a function that reconstructs the original I dimensional signal based sample 
points and returns the position of the maximum as well as the maximum value found. The 
method of signal reconstruction resampling used is the Lanczos3 w indowed sine function 
(see pages 157/158 in [96]). The function and kernel are shown in Figure 39: 




Figure 39. Lanczos3 windowed sine function . 

The !,anc/.os3 windowed sine function takes 7 (pixel) samples from the dimension being 
reconstructed, centered around the estimated position X. i.e. at X-3, X-2, X-l, X, X 1 . 
X -2. X -3. We reconstruct points from X-l to X ! L each at an interval of 0.1. and deter- 
mine which point is the maximum. The position that is the maximum value becomes the 
new center. Due to the nature of the kernel, we only require 6 entries in the convolution 
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kernel i;„- pomis between X and XI. We : ,sc f, poinis lor X- ! u, X. ; ,nd 6 points lor \ 
X I . re<|...ring 7 pom.s overall in order to gel pixel v alues Iron, X- I u. X • I since son,.- of 
ilie pixels required are ihe same. 



Two accurate positions on each of 2 sides of the isolated hulls-eve laver nive the X -,nd V 
axes directly. Using 4 sides allows an average line to he calculated (simplv the avera- of 
the two lines built horn opposite sides) 



The distance Iron, the center cl one bull s-eve layer macrodot line to the center of the next 
bull s-eye layer s macrodot line gives the distance between ...acrodots in terms of , AX 
and a AY with respect to the current orientation ol the ima-e. 

17.1.3.3 Determine Target Center 

hi order to locale the actual center ol the target there are two cases to consider. 

• The center of the target is one ol the connectivity structures 

• The center of the target is not one of the connectivity structures 

In the lust case, we choose the blackest pixel of the estimated tarue. center, which should 
be w„h,n I p,xel ol the actual center. The process of building a more accurate position for 

he target center mvolves reconstructing the continuous signal for 7 scanline slices of the 
target, . to either side of the estimated targe, center. The 7 maximum values found (one for 
each ol these pixel dimension slices) are then used to reconstruct a continuous sim.al in 
the column dimension and thus to locate the maximum value in that dimension The pro- 
cesses the same as described in Section I 7. 1 .3.2 and uses the same filter as shown in I'ig- 

lf there is no current estimation for the center, the center is considered to be the calculated 
center ol the lour lines used in the calculation of the axes in Section I 7 I 3 2 This process 
can be repeated lor another isolated bulfs-eve laver and the two estimates for tar-et eentcr 
averaged It the estimated center pixel is black, a more accurate center can potentially be 
obtained by lollowing the procedure defined lor the firs. ease. However care must be 
taken since this pixel region is not completely isolated (or there would have been a f,r<>el 
es.una.e ... the conneclivuy structures,. It may be enough ... increase the aeeuracv ,n onlv 
one dimension. 

17.1.4 Decode the Position Tag 

With the position of the tag known, the task of decoding it can beuin. Decod.m- a posi- 
tional tag consists of3 essential steps: ~ ' 

° Determining the orientation o'flhe lag 

• i :\lracting (he tag's mode data and decoding it 

• l-Mracting and decoding the data portion of ihe tag based on the mode data 
17 .1.4.1 Determine Orientation 

On the four corners of the target are 3-bit clusters of orientation bits, which allow the ta«'s 
"nonunion (and even possible mirror imagmg) to be quickly determined. 

Nsin» the AX and AY values (obtained in Sechon I7.I..V2). and applvm, .hem to die 
female target center coordinate (obtained in Section I 7. !.;>.;„. we are able to calculate 
ine estimated positions ol die I 2 orientation macrodots. 
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t ii\ en the macrodot cooi dinate ( fixed ptiim ) we sample -1 image pixel> to arri\ c at a ccntcr 
pixel value via bilinear interpolation. 

( >nce ihe ceiuer pixel value has been determined, we try to determine the bit value for that 
macrodot. 'lb do so. we lake (he pixel values representing the macrodot centers to either 
side of the macrodot whose bit value is being determined, and attempt to intelligently 
guess the value of that center macrodot's bit value. Looking at the generalized blurring 
curve again (reproduced in Figure 40 from figure 36). but with BlackMax and WhiteMin 
shown, there are three common cases to consider: 



Figure 40. Generalized blurring curve 

• The macrodot's center pixel value is lower than WhiteMin, and is therefore definitely a 
black macrodot. I he bit value is therefore definitely 1. 

• The macrodot's center pixel value is higher than BlackMax, and is therefore definitely a 
white macrodot. The bit value is therefore definitely 0. 

• The macrodot's center pixel value is somewhere between BlackMax and WhiteMin. The 
macrodot may be black, and it may be white. The value for the bit is therefore in ques- 
tion. A number of schemes can be devised to make a reasonable guess as to the vaiuc 
of the bit. These schemes must balance complexity against accuracy, and also lake into 
account the fact that in some cases, there is no guaranteed solution. In those cases 
where we make a wrong bit decision, the bit will lie in error, and must be corrected hv 
some other means (in the case of orientation bits, the other corners may help, and it: 
the case of the tag's data, the Reed-Solomon decoding stage will correct errors). 

Before the data can be extracted from the data area, the pixel ranges for "black" and white 
dots needs to be ascertained. The minimum and maximum pixels encountered during the 
search for the tag were stored in MinPixefEncountered and MaxPixelEncountereci respectively. 
The following pseudocode shows the method of obtaining good values for WhiteMin and 
BlackMax based on the min & max pixels encountered. 



:-.<•! Ml ni'. ■ : Ki- "<i 

i :■:<.: ! H..t:-: P i. ! Ki n ;m 1 1 L e i ed 

M t. d Ra nqe - { Mi n P i,xe ! -t- Md x P i 1 ) / 2 

WhiteMin MaxPixo! - l^nf:onst.,-nii:Whi : - -Kdr-i o; 

: •> ! ue k M.j :-: Mi.n P i ;■: e ! \ . P o ; l ( J o n n Mcin t_ \l i a < j \; c t; o i; 



I he scheme used to determine a macrodot's value if the pixel value i.s between BlackMax 
and WhiteMin is fairly simple, but gives good results. It uses the pixel values of the macro- 
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dot comers 10 the left ;md right of the dot in qucsiion. using their \ nines lo help Jeiennine 
;i more likely value for ihe corner doi: 

• If the two macrodots lo either side are on ihe while side of MidRange (an average mac- 
rocloi value), then we can guess thai if die center macrodol were while, ii would likely 
be a "deliniuT while. The fact that it is in the not-sure region would indicate thai the 
macrodol was black, and had been affected by the surrounding while .microdots lo 
make the value less sure. The macrodol value is therefore assumed to be black and 
hence the bit value is I . - 

• If the two macrodots to either side are on the black side of MidRange. then we can uuess 
that if the center macrodol were black, it would likely be a "definite" black. The fact 
that it is in the not-sure region would indicate that the macrodol was white, and had 
been affected by the surrounding black macrodots to make the value less sure. The 
■microdot value is therefore assumed to be white, and hence the bit value is 0. 

• If one macrodot is on the black side of MidRange, and the other macrodol is on the 
white side of MidRange. we simply use the center macrodot value to decide. If the cen- 
ter macrodot is on the black side of MidRange, we choose black (bit value I ). Otherwise 
we choose white (bit value 0). 

The logic is represented by this simple pseudocode: 



i pixel < WhiteMin) // defi-^-^M- bl^.-i- 

bi.t - 0x01 

(pixel > BlackHa;-:) // defml ce!v whjee 

bin ---- 0x00 

Uprev > MidRange) iiie-L, Hicifta.oue, ; //prob bine* 

bit = 0x01 



Id 1 - 'f;;Q0 

:> i : U;-:0 i 



Horn this one can see that using surrounding pixel values can give a -ood indication of the 
value of the center macrodofs state. The scheme described here onfv uses the macrodots 
Irom the same row, but using a single macrodot line history (the previous macrodot line) 
would be straightforward and worth investigating, to see if the added complexity of usirv- 
additional neighboring macrodots would give a useful increase in accuracv. This is an 
interesting area for future research. 

We already have the distance between ihe macrodots in terms of a AX and a AY with 
respect to the current orientation of the image. Rather than rotate the inume lo transform 
AX and AY both to I; we simply change the sense of the AX and AY values based on how 
many sets of 90 degrees it lakes for the lag to be oriented so that boih [) values are posi- 
tive. The four possible rotations by 90 degrees equate to 4 different combinations of signs 
(±AX and ±AY). It is therefore trivial lo translate AX and AY into iwo deltas for move- 
ment in X and Y: AX X and AY X lor movement of I macrodol in X. and Ax y and AY Y for 
movement ot I macrodot in Y. 
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W idi ihc 12 orientation bits obtained, ihc oriental ion oJ the uill can he easib determined. 
( ; i \vn -1 sels of 12 hits, the corrccl orieniation is the one that minimizes (he mini her of hits 
in error, as shown in Table 8. 

Table 8. The Four Major Orientations of the Position Tag 



1 2-bit value 


Orientation of tag 


111 -01 1-1 00-000 


No rotation 




011-100-000-111 


Rotated clockwise 90 degrees 


100-000-111-011 


Rotated clockwise 180 degrees 


000-111-011-100 


Rotated clockwise 270 degrees 



17. 1.4.2 Extract the Tag's Mode Raw Data 

Wiih the orientation determined, the next step is to read the bit pattern represent ing the 
Mode bits from the tag. 

We know the coordinate of the tag's target center as [Center x , Center Y |. We also know the 
orientation of the tag and therefore have AX X and AY X for motion in X. and AX Y and AY Y 
for movement in Y. These delta values enable us to step along the center of any macrodols. 
By sampling the tag at the I 8 mode bit positions (see Figure 32). Consequently the loca- 
tion of the first few mode bit are: 

• BitO location = [Center x - 5AX X -- 5AX Y , Centery - 5AY X - 5AY Y | 

• Bit1 location = | Bit0 x + AX X , Bit0 Y -i-AY x '| 

• Bit2 location = [Bit 1 x -i- AX X . Bit1 Y +AY x | 

Given the macrodot coordinate (fixed point) we use the sampling mechanism as described 

in Section I 7. 1 .4. 1 to extract the bit value. 

I he extraction of 28 hiis will take approximate^ 168 cycles on a simple microprocessor. 
Assuming a clock speed of 25 Mi l/.. 168 cycles per position sample represents less than 
0. 1% of the available processor bandwidth. 

1 7. 1.4.3 Decode the Mode Data 

I he 28-bit raw bitstream representing the lag's mode data has been read in. It must now be 



decoded into 8 bits of meaningful mode information. 



The data is decoded using straightforward Reed-Solomon decoding. One of the advan- 
tages of using Galois Held CJ l-( I 6) is that a total of only 64 bytes are required for lookup 
tables during the decoding process (16 bytes each of power, log. multiply and multiply 

inverse). 

I he decoding process of 28 bits to 8 bits will uike approximately 1 .500 cycles on a simple 
microprocessor. Assuming a clock speed of 25 MHz. 1,500 cycles per position sample is 
less than 1% of the available processor bandwidth. 



17. 1.4.4 Extract the Raw Tag Data 



lielore the lag data proper can be read in from ihe tag image, the lag's 8-bil mode data 
must be examined. The Version bit musl he checked lo ensure lhal this tag has a known 
slructure (see fable 6). If the Version bil is 0. then ihe lag data structure is known and can 
he read in from ihe iinaue. 
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I lie macrodois representing ilu: tag data area are read into a loX-bit rau bitsircam accord- 
ing to the loeations described in Figure 33. We use the lag s laruet center |Center v . Center,. | 
and the orientation delta values AX X ami AY X . AX Y and AYy to ealeulaie the start position. 

I ho delta values also enable us to step along the center of' the data area's niaerodots. 

Ihe process of detenu ining if a given macrodoi is a 1 or a 0 is the same as that carried out 
lor reading the tag's mode bits and orientation bits (see Section I 7. M.I ). A iota] of I 6N 
bus is read in from the image in this way. The extraction of I6N bits will take approxi- 
mately 1008 cycles on a simple microprocessor. Assuming a clock speed ol"25 MHz. 1008 
cycles per position sample represents 0.4% of the available processor bandwidth. 

17.1.4.5 Decode the Tag Data 

The 1 68-bit raw bitstream representing the tag data has been read in. It must now be 
decoded into the Pageld. X and Y coordinates etc. (see Table 5). 

The 28 x 6-bii codewords can be divided into message data codewords and checkwords. 
Assuming thai the Version bit is 0, the 2-bit NumMsgWords Held in the Mode area deter- 
mines the number of message data codewords D as 15. I 6. 17. or IS. The remaininu K 
codewords are check codewords. & 

fcach of the D 6-bit message codewords can now be examined to see if it is all 0*s or all 
l ; s. Any such codeword is illegal (dtie to the encoding process) and can be considered to 
have been erased. Determining that a codeword has been erased increases the error correc- 
tion capabilities of the check bits. 

The data can then be decoded using straightforward Reed-Solomon decoding One of the 
advantages of using Galois field GF(64) is that a total of onlv 256 bytes a re~ required for 
lookup tables during the decoding process (64 bytes each of power, log, multiply and mul- 
tiply inverse). 

The decoding process of I6N bus to bits will lake approximated -1.000 cvcles on a sim- 
ple microprocessor. Assuming a clock speed of 2.S MHz. -i.000 odes per position sample 
represents 1 .6".. of the available processor bandwidth. 

17.1.5 Build Stroke Information 

The information gained from the position is added to the curreiu stroke or is used to start a 
new stroke. The definition of a new stroke is that the pressure on the pen has passed a 
threshold to determine that the pen is now pressing on (he paue. 

Kach stroke contains the start time (in milliseconds) followed bv the recovered pa-ell > 
and initial position. This is followed by a series of positions lor the stroke. The positions 
are implicitly separated by I /00th of a second in time. While the first position is alwavs 
absolute, subsequent positions are delta encoded or absolute as required. Escape codes 
allow compression for a number of unknown positions (the la- cannot be found), the 
encountering of different pagelds (for example the initial pagell) is unknown and finally a 
page ID is recovered from a tag during the stroke, or it mav be that the pen crosses from 
one page to another during a stroke), and the encountering of lags with differing Continu- 
ousPressure values, which enable or disable the inclusion of a pressure value with each " 
position. 



The following is a dclinilion for a stroke 
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-Sk j : . [unknown I ::< 1 : o!V \ t , : ] :di'; r i ':" i an- 

! =\'-::U! '-i'OS PO.SF.v'f pOllf! •.' 

;--.sl-..n- ! PonAbsPo. - I P< i : -1 r * •» • ' 

X : : ,' ; Pczjyc-i- 'iiii!:nown I rVnAb.; : : < ■'' 

I - i n Abs * 1 agCoo rd i na 1 o i magr-< ;oo rd 1 n.it e nuu ■ 1; ot iot i.e.- i 1 a i • |; 
P e n Uc L t a P.o 1 : =■ pen!]) e 1. t a i ma q e C ooi'i 1 :vir. e 1 nd c rodoLiJe! lc! t i ! l 

whe re : 

ui. nit? 32 bits unsigned (uni ls of 1.000th soroncl) 

sho 1: v.T imo - ].G bits unsigned ■ mi i 1 .s 01: iOOOUi second- 

pageld = f>'! bits unsigned 

L'arjCoord i.nate = 2 x .10 I) i. ts unsigned ( rep res en t: inn X and Vj 

i mag eCoord incite = 2 x 10 bits unsigned fixed po int. 7:3 ( lepresent. ing x and Y) 
mac roDo t Oe 1 t a - 2 >: 0 bits signed fixed point: S3 : *i { represen t i ng AX and AY) 
pen Del La = 2 :■: 4 bits signed (representing -8.. 7 for x and Y} 
pen Pressure = 5 bits 

tile - 2 x 5 bits (representing 2 tilt axes) 
pressureMode = 1 bit 



The length of a sample position is 66 hits (20 -f- 20 + 16 -J- 10) when the pen coordinate is 
fully described, and 54 bits (20 -i- 8 ~*~ 16 t 10) when the pen coordinate is a delta amount. 
Adding flag bits to specify that there is no escape mode ( 1 bit), we specify 67 and 55 bits 
respectively (approx 7-9 bytes). 

The initial position requires 165 bits to define (32 64 6 C )). Adding I bit to specify that 
the position is known at pen-down, we require 166 bits (approx 21 bytes). 

For a stroke over a single page that lasts 4 seconds, and assuming no read errors, there is 
an initial pen down followed by 399 deltas. The total stroke length is therefore 21.712 bits 
( 166 ; 399 x 54). which is 2,714 bytes, or 6.785 bytes per sample. 

If pressure is also captured with each position (depending on the value of the encountered 
ContinuousPressure bits within each lag), a further 5 bits is required for each position. The 
Hscape Code of pressureMode allows the toggling of this stale within a stroke. 

The stroke definition copes well with unknown pen locations. If the initial position 
(pagcld, coordinates etc.) is unknown due to the inability to locate a lag or recover tag 
data, the initial position for the stroke is marked as unknown. This initial-position may be 
followed by an Escape Code of TimeSkip, signifying the amount of time where unknown 
positions were captured. Finally, when a tag is captured and decoded successfully, the 
Escape Code for pageld is used. This pagcld is valid until the next Fseape Code pagefd is 
included in the stroke (inserted when a tag is encountered with a pageld different to the 
current known pageld). If a tag cannot be found or decoded successfully mid stream within 
a stroke, the Escape Code for TimeSkip is used, which represents (he elapsed lime where 
only unknown positions were sampled. An unknown pen position does not change the 
pageld. If tag positions are reacquired, the pagell) may be changed, depending on the lag. 
A Timeskip entry for a set of unknown positions uses 1 bit for the escape code. 2 bits to 
delmethe type of escape code, and 16 bits lo define the dumlioh of samples skipped.- 

The other use for the Escape Code of TimeSkip is when there have been one or more deltas 
oft), f he Escape Code of zeroDelta combines with a I 6-bit lime amount lo spec i fv how long 
the pen has remained in the same position without moving. 
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PCM " , " ,: '. ms " ;;|V,H KA ' VI hf'lcr stroke inlormalion both durin, stroke eon- 
M.ucuon and „ the pen ,s „„, of range imm lh , rcccvc, A 0.5MB buHe, allou - 
PPm-.K,,,,, ,o> , kcs a, 4 seconds per stroke. ,h,ch represent, more than ,2 minnlc! 
M kc capture I he exact duratton will depend on ,he success of.:,, decoding and 
"nuhei or not continuous pressure is being captured. 

loci u'un d!' 1I,rCr lH ' ,0,,U ' S /> '" //<7/ " //U;iJ is .he . .O stavs Hlumi- 

n.Hed u,H, I the pen comes ,.m> range of a receiver, whereupon .he buffered strokes can he 
iransniitted and the buffer freed. 1 lx 



17.1.6 Activate Light 



lit 



inust'bTemh'lH I" 11 T aCOmainS a U9WEnab,e bit (sce ™- >>• Pen's Ho.Spo, Uil> 
must be enabled chrectly ,n response to the value of this hi, Ther< 

pretation ol the LighlEnable bit by the pen. 



re is no additional intcr- 



17.2 Data Encryption 



The data stream must be encrypted before being transmitted to the appliance Otherwise 
eavesdroppers could potentially capture signature information. 

S^! k ,1,,al ber0, "° mM ls '"e encryption of the data stream. Svm- 
" - encypnon is used s.nce it is tractable in the time available. Possible symmetric 
gomhn,, lor use are Msted in Table 9. <n al, cases, a minimum key si Z e of , J b e 



Table 9. Symmetric Algorithms [83] 



Algorithm 

Blowfish 



CAST 



Block 



CI6£klperl 
byte 

processed 
(Pentium) 




a. Although Tnple-5ES"uses"a 168 bit key, the effective key strength is only 112 bits 



OHhe algorithms listed in lable 9. Triple-DES is the most conservative eho.ee. although 
'l ■* the slowest. At 108 clocks per byte processed, the encoding ofa sn.de 8-bvte block 
consumes 864 cycles (8 x 108). W } 

muM ; ; * Kl ,0(J C ' l -yined samples each second. Assuming that each sample 
Triple-DHS block (8 bv.es,. the time ,,kcn to encrypt , second oldata 

n clock speed ol 2, Ml 86,400 cycles lor the 100 samples equates to less than 0.5% 
ol the pioccs.sur bandwidth. . - 

The encryption process therefore has a throughput of 800 bv.es per second. 
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Memjet Introduction 

Memjet is a new digital priming 
technology under development at Sil- 
verbrook Research. It is a 'clean slate' 
development aimed at developing the 
'pert eel' print technology lor a wide 
range of applications for which current 
digital printing technologies are inade- 
quate. The price/performance advan- 
tage over existing technologies such as 
laser printers and thermal ink jet printers 
is around two orders of maunitude. 



Key Features of Memjet: 

Pagewidth in k jet printing - no scan- : 
ning printheads, therefore very fast. 
High nozzle count: 51.200 nozzles 
for A4/letter. \ 
Full quality color photographic i 
images at 1 600 dpi. ! 
Full quality text, including Japanese 
Kanji. 

Wide ink and paper flexibility - three 
times less water than 600 dpi print- 
ers. 

High speed - 30 pages per minute 
(ppm ) to 4000 ppm. 
High nozzle density - 25.600 nozzles 
in a 75mm~ chip (compare to latest 
1 1 IV 300 nozzles in 75 mm 2 ). 
Low cost - under $10 for a 30 ppm 
letter/'A4 full color 1600 dpi print- 
head. 

Low power allows battery operation 
for many applications. 
Small size - printers incorporated in 
mobile phones, cameras, even pens. 
Simple drive circuits - 3 V digital 
ASIC with low pincount. 
I ligh volume manufacture - 56 mil- 
lion X" heads from a 25.000 wafer 
per month fab. 

l.,ow manufacturing investment -can 
adapt a 0.5 micron CMOS- fab. 
Lxcellenl patent protection - 220 I iS 
patents pending, both basic patents 
and strategic blocking patents. 

Radical, not Evolutionary 

The closest technology to Memjet is 
I hernial Ink Jet (Tl.h. This technology 
u;is in\ enied roughly simultaneously by 
Canon and Hewlett-Packard around 
1 1 >S(» i Cam til's \ ariclv is know as * Utib- 



blcjeL). and currently results in annual 
revenues around $24 billion. 

Thermal i nk jet prinlheads propel a 
droplet of ink out of a nozzle by super- 
heating a tiny volume of ink. This ink 
undergoes a Hash evaporation process, 
forming a bubble which pushes the ink 
out of the nozzle. 

There has been a massive investment 
in developing thermal ink jet technology, 
which has steadily advanced products 
from initial 200 dpi black only printers 
with 12 nozzles, to current full color 600 
dpi printers containing printheads with 
as many as 608 nozzles. 

However. Memjet does not use the 
thermal inkjel operating principle, and is 
not an extension of It J technology. 




Mi-muo! no/ ? h 



Micro Electro Mechanical . 
Systems (MEMS) 

Memjet is derived from Ml- MS 
technology. MLMS is Micro Licet ro 
Mechanical Systems, and is basically 
the construction of mechanical systems 
using VLSI chip fabrication techniques. 
MLMS allows the integration of hun- 
dreds of millions of mechanical devices 
on a wafer. Certain MLMS processes 
(such as the Memjet' process) allow the 
integration of MLMS and CMOS pro- 
ces'sing. This is essential for a' page- 
width prinlhead. otherwise around 
50.000 off-chip connections would be 
required, making the cost prohibitive for 
volume markets. 

.VI L.MS dev ices are used in many 
applications, though few of these appli- 
cations ha\c reached substantial vol- 
ume *.:ilcs Some ol the best known are 
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million iin\ niirrors on a C'MOS chip. 
T.ach minor is independently del lee led 
in response lo \ ideo image daia distrib- 
uted on the CMOS chip. Tach mirror 
re Heels light either towards a viewing 
screen, or towards a ha file. As all of the 
mirrors are independently controlled, a 
large amount of 
data can he pro- 
jected even though 
the individual 
speed of the mir- 
rors is onlv around 
50 kHz. 

Memjel is con- 
ceptually similar. 
A Mem jet print - 
head contains 
around 25.000 
tiny paddles on a 
CMOS chip, i-ach 
paddle is indepen- 
dently deflected in 

response to page image data distributed 
on the CMOS chip. When deflected, 
each paddle pushes a microscopic ink 
drop out of a nozzle towards the paper. 
As all of the paddles are independently 
controlled, a large amount of data can be 
printed even though the individual speed 
of the paddles is only around 40 kHz. 

Memjet Value Proposition 

The value proposition of Memjel is 
'practical page width ink jet printing'. 

A scanning print head is fundamen- 
tally around 100 times slower than a 
page width printhead. This is because the 
a scanning printhead must scan across 
the page numerous limes - around 40 
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I he moM fundamental difference 
between ^canning and pagewidth print- 
heads is the widih.of ihc printhead. 

i here is an essential di\ide between 
scanning prinihcads (roughlv I 2") and 
pagcuidth prinihcads (N" for I *S letter. 
A4). Prinihcads between these values 
are not very useful - there is no 'evolu- 
tionary" progression. 
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for example: you can't make a letter/ 
A4 pagewidth printer out of a single 4 M 
printhead. Neither can you make a rea- 
sonable scanning printer - a 4" print 
swath is virtually impossible to 'stitch' 
on the paper without getting highly 
objectionable lines across the page. 

A pagewidth printhead means lots of 
nozzles. For a 1600 dpi. 4 color. 8" 
printhead. 51.200 nozzles are required. 
This compares lo typically 300 nozzles 
for I LL and I 2X nozzles for piezoelec- 
tric ink jets (such as bpson and Tek- 
tronix ). 
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Previous pagewidth printhead 
projects 

Tagcwidih prinihcads have Ion- 
been the *hol\ grail' of the inkjet iiuius- 
ir\. and have been the subject 'of inten 
si\e research at various large companies 
tor more than a decade. 

Previous attempts ai pagewidth ink- 
jets have mostly tried to scale up either 
o! the two current technologies - thermal 
inkjet or piezoelectric 
:■ inkjel. Both of th ese 
approaches fail fur a 
number of fundamen- 
tal reasons. 

Why cant you make 
|f pagewidth thermal 
inkjet printheads? 

Thermal inkjet (TiJ 
or Bubblejet - HT and 
Canon's technology) is 
not suitable for page- 
width printheads as the 
power consumption is 
around 100 times too 
high. This makes it 
very difficult to get sufficient power into 
the printhead. However, even more dif- 
ficult is getting the waste heal out of the. 
printhead without boiling the ink. 

I LI cannot be made in a monolithic 
process, as the nozzle plates must be 
around 30 microns thick to withstand 
the transient pressures generated by the 
bubble. As a result, there arc extraordi- 
nary manufacturing difficulties in scal- 
ing up from small printheads to 
pagewidth printheads. 'These include 
dillcrential thermal, expansion (making 
it extreme I y difficult to align the nozzles 
at both ends of a long printhead simulta- 
neously) and cracking of the silicon 
cliips due to the high stresses during 
nozzle plate attachment. 

Also. TIJ and Bubblejet printheads 
wear out due to kogation and cavitation 
(neither of these problems affect Mem- 
jel or piezoelectric printheads). While n 
is cost effective to frequently replace I 
cm long scanning printheads. pagewidih 
printheads should have a longer lifetime. 

Why cant you make pagewidth 
piezoelectric inkjet printheads? 

I he problems with scaling piezo- 
electric printheads are entirely diffe rem 
than those for 'TIJ. The main problem is 
acoustic crosstalk. As the prinlhcad 
length increases, the delay between the 
acoustic pulse of a piczo actuator and its 
acoustic re Meet ions from the ends of the 
prinlhcad increase. This causes the pulse 
t<> inicrfcrc uith iiself on a timescale 
which reaches inio ihe critical time of 



drop election \N<>. as the nmnhci ol 
no//lc> increase**, ihc miinlvr ol po>>i- 

intcrlcrcncc combinations undergoes 
omhi natorial explosion. This makes h 
csscntialb impossible to obtain consis- 
tent drop ejection at \anous places on 
the printhead. 

Another problem is cost. Silicon is 
not a piezoelectric material, and it is 
extrcnieh difficult lo integrate piezo- 
electric malerials on CMOS chips. This 
means that a separate external connec- 
tion is required for each nozzle. A print- 
head equivalent to an X" Mem jet 
printhead would require al least 51.201 
external connections. While theoreti- 
cally possible, the cost of these connec- 
tions is exorbitant. 

The drive voltage required is around 
100 V to 200 V. so it is also difficult to 
integrate large numbers of drivers on a 
single chip. 

Another problem preventing integra- 
tion is that the piezoelectric material 
must be electrically poled al around 
100.000 Volts. which makes il 
extremely difficult lo protect integrated 
CMOS circuitry. 

How fast can a Memjet printer go? 

For most consumer and PC printer 
applications, the full speed of Memjet is 
not required. In these applications, the 
print speed will generally be limited by 
the low cost paper movement mecha- 
nism. 

However, for various industrial and 
commercial printing applications, higher 
print speeds are desirable. 

Individual Memjet nozzles can oper- 
ate al 40 kHz (and are likely -to operate 
up lo 100 kHz). At 1600 dpi. this means 
a print speed of 25 inches per second. A 
"standard* Memjet printhead has four 
channels for four ink colors. If this 
printhead js used lo print a single color 
instead, then the maximum print speed 
is 100 inches per second. A 34 inch 
wide web (paper roll) fed printer, with 
printheads on both sides of the paper, 
printing al 100 inches per second, has an 
equivalent print speed of 4.304 ppm. A I 
these print speeds, it is possible lo com- 
pete directly with commercial offset 
printing. 

Memjet - TIJ trends 

fhe bar charts to the right show the 
trends fur thermal Inkjet printheads from 
the first commercial products to the 
resent. I hese trends are cum pared lo 
what is expected lo be the fust Memjet 
printhead - a 4". 4 color. U>00 dpi prim- 
head with nozzles. Iwu such 
printhead chips butted together make up 
an X" pagcuidih printhead. 
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Advantages 

I Ik- h>i o f ;k|\ antago t> long, and 
, arc no disadvantages listed. This is 
because NiKcrhrook Research h;is spent 
>cars analw.ing 1 1 to prohlcm> with pre- 
vious technologies. ;iik! oiisuiine thai 
these problems arc sob cJ lor Memjet. 
Memjet has been through 47 niajnr 
dcsign iterations to converge on its cur- 
rent slate, where we believe that furl he r 
impro\"enients will noi be significant. 
I his quest lor perfection is ongoing. and 
it is our intention to correct any undis- 
covercd problems as quickly as possible. 
As is well known, a problem detected at 
an early stage can be orders of magni- 
tude cheaper to correct than a problem 
detected at a prototype or production 
stage. 

High Resolution 

1 he true resolution of Vlemjet is 
1600 dots per inch (dpi) in both direc- 
tions. This allows full photographic 
quality color images, and high qualilv 
text (including Kanji). Higher resolu- 
tions arc possible with the technology. 
2400 dpi and 4800 dpi versions have 
been investigated for special applica- 
tions, but 1600 dpi is chosen as ideal for 
most applications. The true resolution of 
commercially available advanced ther- 
mal ink jet devices is around 600 dpi. 
For piezoelectric systems such as those 
from Epson the true resolution is sub- 
stantially lower, but the print head makes 
many overlapping passes over each 
point giving an 'effective resolution* of 
1440 dpi. at the expense of speed. 
'Addressable resolution' is now often 
quoted in advertising to give the illusion 
of higher resolution. 

Excellent Image Quality 

High image quality requires high 
resolution and accurate placement of 
drops. The monolithic page width nature 
ol "vlemjet allows drop placement to 
sub-micron precision. High accuracv is 
also achieved by eliminating misdi- 
rected drops, electrostatic dc licet ion. air 
turbulence, and eddies, and maintaining 
highly consistent drop volume and 
velocity. Image quality is also ensured" 
by the provision of sufficient resolution 
to avoid requiring multiple ink densities, 
five color or 6 color 'photo' ink jet sys- 
tems introduce halftoning artifacts in 
mid tones (such as lleshlones) if the dye 
interaction and drop si/.es are not abso- 
lutely perl cel. Ih is problem is elimi- 
nated in bi-lcvcl three color s\ steins 
such as .Vlemjet. 
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High Speed - up to 120 ppm per 
printhead 

The page width nature of the print- 
head allows high-speed operation, as no 
scanning is required. The print speed of 
a Memjet based printer will usually be 
determined by market requirements and 
the paper handling mechanisms 
required. For most consumer or SOHO 
applications. 30 ppm printing is around 
the optimum, as faster printers are domi- 
nated by complex and expensive paper 
handling. To achieve 30 ppm, the Mem- 
jet printhead is operated at a drop repeti- 
tion rate of 10 kHz. The maximum drop 
repetition rate for Memjet is 40 kHz. 
allowing 1 20 ppm full color printing 
from a single printhead. 

Low Cost 

A photo-width photographic print- 
head assembly is projected to cost under 
$5. and a page width A 4 printhead 
assembly (using two 4" printhead equiv- 
alents) is projected to cost less than SIO 
when manufactured using a 0.5 micron 
CMOS process on X" wafers. 
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When early 300 mm Cabs event ua ll\ 
become cost effective, monolithic X" 
prinlhcads can be fabricated on a single 



water, reducing production costs fur- 
ther. 

All Digital Operation 

The high resolution of the printhead 
is chosen to allow fully digital operation 
using digital halftoning. This eliminates 
color non-linearity (a problem with con- 
tinuous tone printers), and simplifies the 
design of drive ASICs. 

Small Drop Volume 

To achieve true 1 .600 dpi resolution, 
a small drop volume is required. Mem- 
jet's drop volume is one picoliter (1 pi). 
1 he drop si/.e of advanced commercial 
piezoelectric and thermal ink jet devices 
is around 10 to 30 pi. This has been 
si cadil \ reduced over the previous two 
decades from original drop volumes of 
around 100 pi. A small drop volume 
also allows substantially less ink carrier 
(typically water) to be printed to the 
page, allowing much faster drying and 
eliminating print-through. It is theoreti- 
cally possible to build a 1600 dpi ther- 
mal inkjet printhead with I pi drops. 
However, such a printhead would need 
to print 7.1 1 limes as many drops as a 
current 000 dpi printer. It would be 7 
times slower, and use around 4 times the 
energy, as a 600 dpi printhead with an 
equivalent number of nozzles. Thermal 
ink jet printers are already too slow and 
use" too much power, so - it- is unlikely 
thai such print-heads will be built. 
Memjet uses around 100 times less 
energy lo print a drop, and uses around 
100 times as many nozzles (51.200 ver- 
sus around >I2 lor I henna I ink jet), so 
there are no speed or power problems 
arisinu from the resolution 
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projected i ni roduci ion ol die printhcads 
iIk'h' i.ihs >liouki be fully amortized, 
and essentially obsolete lor CM( )S logic 
priKltiet ion. fherefore. volume produc- 
tion can use 'old' existing facilities. Most 
of the MLMS post-processing can also 
be performed in a CMOS fab. but at 
least one new piece of equipment will be 
required. - a deep silicon etcher using 
the 'Rosch process'. These machines are 
available from .Alcatel. Plasma Therm, 
and Surface Technology Svstems. 

Good Light- Fastness 

As the ink is not healed, there are 
few restrictions on the types of dyes thai 
can be used. This allows dyes to be cho- 
sen for optimum light-fastness. Some 
recently developed dyes from compa- 
nies such as Zeneca Specialties and 
BASF have light- fastness of 7 on the 
blue wool scale. This is equal to- the 
light- fastness of many pigments, and 
considerably in excess of photographic 
dyes and of early inkjet dyes. 




Low Fac;* ;u| >jst 

I he ' .e i ; 1 cost is l« »w 

because e\i kTi»m ^" ;iihl X" 

( NIOS labs can be used. At the lime ol 



Good Water- Fastness 

As with light- fastness, the tack of 
thermal restrictions on the dye allows 
selection of dyes for characteristics such 
as water-fastness. For extremely high 
w ater- fastness (as is required for wash- 
able fabrics) reactive dyes can be used. 

Excellent Color Gamut 

I he use of transparent dyes of. high 
color purity allows a color gamut .con- 
siderably wider than that of offset prim- 
ing and silver hahde photography. 
Offset printing in particular has a 
restricted gamut due to light scattering 
from the pigments used. Willi three- 
color systems (CMY) or four-color sys- 
tem. (CMYK) the gamut is necessarily 
limited lo i he tctrahcdral volume 
between the color vertices. I here fore it 



]*• mipori.u*/ that the cyan, magenta .tin I 
ye Mow dy . ^ arc .is spectrally pure 
po»ihlc. \ slightly wider 'hexeone' 
gamin that includes pure reds, greens, 
and blues can be achieved using a (> 
color (CMYK(iB) model. Such a six- 
color printhcad can be made economi- 
cally with a width of only 1 mm. 

Elimination of Color Bleed 

Ink bleed between colors occurs if 
the different primary colors arc printed 
while the previous color is wet. While 
image blurring due to ink bleed is typi- 
cally insignificant at 1600 dpi. ink bleed 
can 'muddy ' the midtones of an image. 
Ink bleed can he eliminated by using 
inicroemulsion-based ink. for which 
Memjcl is highly suited. The use of 
microemulsion ink can also help prevent 
nozzle clogging and ensure long-term 
ink stability. 

Advanced Ink Formulations 

Silver brook Research lias world- 
class expertize in quantum chemislrv 
(refer to papers in J. Phys. Chem. and 
Chemical Physics Letters), and is apply - 
ing this to the development of a new 
class of inks with advanced properties. 

High Nozzle Count 

Memjei has 19.200 nozzles in a 
monolithic CMY three-color photo- 
graphic printhead. While this is large 

compared to other printheads. it is a 
small number compared to the number 
of devices routinely integrated on 
CYIOS VLSI chips in high volume pro- 
duction. It is also less than 3% of the 
number of movable mirrors which 
1 exas Instruments integrates in iis Digi- 
tal Micro mirror Device (DMD). manu- 
factured using similar CMOS -t- MLMS 
processes. 
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51.200 Nozzles per A4 Pagewidth 
Printhead 

A four-color {CM Y K ) Mem jet print - 
head foi pagewidth letter A4 printing 
uses I wo chips, bach O.fo cm" chip has 
.:.\M!H nozzles tor a total of s I ..HH) noz- 
zles 



'Hi-'.: ■ oil. »n oJ Dm«m> T :.n\:> 
In .1 printhead w'uh main 
'On iuwIcs. it is essential to intc- 
..ic data distribution circuits (shift reg- 
isters), data timing. and dri\c transistors 
wiih i ho nozzles. Otherwise, a ininimuni 
of > 1 .20 1 external connections would be 
required. This is a severe problem uith 
piezoelectric inkjets. ;is drive oircuiis 
cannot ho integrated on piezoclcctric 
substrates. Integration of main millions 
of connections is common in CMOS 
VLSI chips, which are fabricated in high 
volume at high yield. It is the number of 
off-chip connections that must be lim- 
ited. 

Monolithic Fabrication 

Memjet is made as a single mono- 
lithic CMOS chip, so no precision 
assembly is required. All fabrication is 
performed using standard CMOS VLSI 
and MEMS processes and materials. 

In thermal ink jel and some piezo- 
electric inkjel systems, the assembly of 
nozzle plates with the primhead chip is a 
major cause of low yields, limited reso- 
lution, and limited size. Also, pagewidth 
arrays are typically constructed from 
multiple smaller chips. The assembly 
and alignment of these chips is an 
expensive process. 

Modular, Extendable for Wide 
Print Widths 

Long pagewidth printhcads can be 1 
constructed by butting 'standard' ! 00 
mm Vlemjet heads together. The edue of 
the Mem jet print head chip is designed to 
automatically align to adjacent chips. 
One print head gives a photographic size 
printer, two gives an A4 printer, and 
four gives an A 3 printer. Larger num- 
bers can be used for high speed digital 
printing, pagewidth wide formal prim- 
ing, and fabric printing. 

Low Cost Simultaneous Double 
Sided Printing 

Double sided printing (known as 
duplex' in the office market, and 'per- 
fect in the commercial print market} 
can be implemented at low cost simply 
by including an extra printhead on the 
other side of the paper, and duplicating 
the appropriate logic and image proccss"- 
ing circuits. The cost and complexity of 
providing two printhcads is less than 
that of mechanical systems to turn over 
the sheet of paper. 




Straight Paper Path 

As there are no drums required, a 
straight paper path can be used to reduce 
the possibility of paper jams. This is 
: especially relevant for office duplex 
i printers, where the complex mecha- 
nisms required to turn over the pages are 
a major source of paper jams. 

High Efficiency 

Thermal in k jet primheads are only 
around 0.1% efficient (electrical energy- 
input compared to drop kinetic energy 
and increased surface energy). Memjel 
is more than 10 times as efficient. 

Self-Cooling Operation 

The energy required to eject each 
drop is 142 n.l {0.142 micro.ioules). a 
small fraction of that required for ther- 
mal ink jet printers. The low energy 
allows the printhead to be completely 
cooled by the ejected ink. with onlv a 32 
°C worst-case ink temperature use. No 
heat sinking ts required. 

Low Pressure 

The maximum pressure generated in 
a Memjel printhead is around 60 kPa 
(0.6 atmospheres). The pressures gener- 
ated by bubble nuclealion and collapse 
in thermal inkjel and bubblejet systems 
arc tvpicalL in excess of 10 M La (100 
atmospheres), which is 160 times the 
maximum Memjet pressure. The high 
pressures in bubblejet and thermal inkfel 
designs result in high mechanical 
stresses. 

Low Power 

A 30 ppm A4 Memjel primhead 
requires a maximum of 07 Walls when 
priming full 3-color black. When prim- 
ing V'o o »v oi age. average pnu or con- 
sumption is oiiK v-J Walls. 



Meinioi can operate irom a single 
3V supplv. die same as ivpieal drive 
ASIC s. I hernial ink jets t\ picaib require 
at least 20 V. and piezoelectric inkjols 
often require more than N) V. The 
Memjel actuator is designed for nominal 
operation at 2.«X volts, allowing a 0.2 V 
drop across the drive transistor, to 
achieve 3V chip operation. 

Operation from 2 or 4 AA 
Batteries 

Power consumption is low enough 
that a photographic Memjet printhead 
can operate from AA batteries. A ivpical 
6 x 4 inch photograph requires less than 
20 Joules to print (including drive tran- 
sistor losses). Lour AA batteries are rec- 
ommended if the photo is to be printed 
! in 2 seconds. If the print time is 
j increased to 4 seconds. 2 AA naileries 
: can be used. 

: Battery Voltage Compensation 

i Memjet can operate from an unregu- 
lated batiery supply, to eliminate effi- 
ciency losses of a voltage regulator. This 
means that consistent performance must 
be achieved over a considerable range of 
supply voltages. Memjet senses the sup- 
ply voltage, and adjusts actuator opera- 
tion to achieve consistent drop volume. 

Advanced Nozzle Clearing 

Memjet employs two novel patented 
techniques to clear clogged nozzles, and 
most conventional techniques can also 
be used. The degree of potential nozzle 
clogging is highly dependent on the ink 
formulation, which depends on the 
application. In photographic applica- 
tions clog-proof inks can be used. Hot 
melt inks can also be completely clog 
Irec. When using aqueous inks, it is 
.essential to use nozzle capping and to 
include a humectant in the ink. 



Small Actuator and Nozzle Area 

I he area required by a Memjet noz- 
zle, actuator, and drive circuit is 3200 
um". This is much less than 1% of the 
a rea icq u i red by p i czoeiccl ri c inkjel 
j nozzles, and around 1.5% of the area 
: required by Tl.l nozzles. .The actuator 
area direelly affects the printhead manu- 
facturing cost. 




Small Total Printhead Size 

An entire print head assembly 
(including ink supply channels) for a lot - 
ter/A4. 30 ppm. 1600 dpi. four color 
prinlhead is 210 x 12 x 10 mm. The 
small size allows incorporation into 
notebook computers and miniature 
printers. A photograph printer is 106 x 8 
\ 8 mm. allowing inclusion in pocket 
digital cameras, palmtop PCs. mobile 
phone/ fax. and so on. Ink supply chan- 
nels take most of this volume. The pho- 
tographic printhead chip itself is only 
102 x 0.55 x 0.3 mm. 




Various Nozzle Capping Systems 

Nozzle capping systems have been 
designed for various applications. 

A miniature nozzle capping system 
has been designed for portable and pho- 
tographic applications, for a photo- 
graphic printer this nozzle capping 
system is only 100 x 5 x 4 mm. and docs 
not require the printhead to nunc. 

For very low cost printers, such as 
printers incorporated into pens, the noz- 
zle capping mechanism is a single piece 
of molded plastic costing, less than a 
cent. 

In desktop printers, the printhead can 
be capped against a transfer roller for 



robust operation and consume: p;.»,«i 
uig. 




High Manufacturing Yield 

The projected manufacturing yield 
(ai maturity ) of the Memjet printheads is 
at least 80%. as it is primarily a 0.5 
micron digital CMOS chip with an area 
of only 0.15 enr per inch of printhead. 
Most modern CMOS processes achieve 
high yield with chip areas in excess of 1 

; cnr. For chips less than around 1 cnr. 
cost is roughly proportional to chip area. 
Cost increases rapidly between 1 cnr 
and 4 cnr. with chips larger than this 
rarely being practical. There is a strong 

j incentive to ensure that the chip area is 

! less than 1 cm 2 . 

For thermal ink jet and bubble jet 
printheads. the chip width is typically 
around 5 mm. limiting the cost effective 
chip length to 1 to 2 cm. A major target 
of Memjet has been to reduce the chip 
width as much as possible, allowing cost 
effective monolithic pagewidth print- 
heads. 

hi the early stages of manufacture, 
j before high yields are obtained, fault tol- 
' e ranee can be used. Although fault toler- 
ance doubles the 'raw" chip area, wafers 
with defect densities as high as 100 
defects per cm" can still obtain good 
printhead yields. 

Low Process Complexity 

With digital 1C manufacture, the 
| mask complexity of the device has little 
or no effect on ihe inanufacluring cost or 
difficulty. Cost is proportional to the 
-number of* process steps, and the litho- 
graphic critical dimensions. Memjet 
uses a standard 0.5 micron I P2M 
CMOS manufacturing process, with an 
additional 7 MFMS mask steps. Fh is 
makes the manufacturing process less 
complex than a typical 0.2 5 micron 
CMOS logic process with ^ le\el metal. 
I low. ever, as i he MFMS postprocessing 



p- noi sUiiuiaui. .t significant amount oi 
piocess development is required t ,>m 
sulerable effort has been undertaken lo 
minimize the complexitv and risk of this 
process development. Ilowcvcr. since 
apy princess development is usual I v dif- 
ficult and expensive, this is likelv io be 
the highest portion of the remaining 
development costs. 

Simple Testing 

Memjet includes lest circuits and" a 
lest strategy that allows most testing to 
be completed at the wafer probe stage. 
Testing of all electrical properties, 
including the resistance of the actuator, 
can be completed at this stage. 1 low- 
ever. actualt)r motion can only be tested 
after release from the sacrificial materi- 
als. Actuators can be tested before being 
Filled with ink using optical methods. 
The paddle is reflective and the nozzle 
chamber is transparent. Paddle de flec- 
tion can be measured acc urate I y by 
counting interference fringes of mono- 
chromatic light. Final testing of pack- 
aged printheads is readily performed by 
printing a test pattern which is automati- 
cally checked using a linear image sen- 
sor. 

Low Cost Packaging 

Memjet is packaged in an injection 
molded polycarbonate package. All con- 
nections are made using Tape Auto- 
mated Bonding (TAB) technology, 
though wire bonding can be used as an 
option. All connections are along one 
edge of the chip. 




Relaxed Critical Dimensions 

The critical dimension (CD) of the 
Memjet CMOS drive circuitry is 0.5 
microns. Advanced digital ICs such as 
microprocessors currently use Cl)s ot 
around 0.25 microns, which is two 
device generations more advanced than 
the Memjet printhead requires. Most of 
I he MFMS post processing steps have 
( "I )s o| I micron or greater. 



I V\ :cc^ cracking Jui hil: maiiulac- 
■ arc ,i critical problem \v i i H both 
. — risiiil mkjct ;uui piezoelectric dc\ ices. 
I l)is limits the si/c of the printhead that 
ii is possible to manufacture. ! he 
suvsscs in\ol\cd in the manufacture of 
Memjet print heads are no greater than 
those required for CMOS fabrication. 
Mem jet primheads are not sawn from 
the wafer, but are gently plasma etched 
instead. 

No Scan Banding 

Memjet is a full pagewidlh print- 
head, so does not scan. This eliminates 
one of the most significant image qual- 
ity problems of ink jet printers. Banding 
due to other causes (mis -directed drops, 
print head misalignment) is usually a sig- 
nificant problem in page width print- 
heads. These causes of banding have 
also been addressed. 

'Perfect' Nozzle Alignment 

All of the nozzles within a printhead 
are aligned to sub-micron accuracy bv 
the 0.5 micron stepper used for the 
lithography of the printhead. Nozzle 
alignment of two 4" primheads to make 
an A4 pagewidth printhead is achieved 
with the aid of mechanical alignment 
features on the printhead chips. This 
allows automated mechanical align- 
ment (by simply pushing two printhead 
chips together) to within 1 micron. If 
liner alignment- is required in special- 
ized applications. 4" primheads can be 
aligned optically. 

Controllable Drop Velocity 

An accurately controlled drop veloc- 
it> improves image quality, as the posi- 
tion of dots on the mov ing substrate is 
more accurate. An accurate drop veloc- 
ity also enables a lower nominal drop 
velocity, which reduces power con- 
sumption. A low drop velocity requires 
laminar airflow, with no eddies, to 
achieve good drop placement on the 
print medium. This is achieved bv the 
design of the printhead packaging. 

I or printing on 'rough' surfaces 
higher drop velocities are desirable. 
Drop velocities up to 15 m/s can be 
achieved using variations of the design 
dimensions. It is possible to manufac- 
ture primheads with a 4 m/s drop veloc- 
ity, and primheads uith a IS m/s drop 
velocity, on the same wafer. This is 
because both can be made using the 
same process parameters. 

No Misdirected Drops 

Misdirected drops are eliminated h\ 
the provision of a thin rim around the 



iio//k-. which prevents die spread o! .! 
mop ;teross die prim head sur I ace in 
regions where the hydrophobic coating 
is compromised. 




No Thermal Crosstalk 

When adjacent actuators are ener- 
; gized in bubblejet or other thermal ink- 
i jet systems, the heat from one actuator 
! spreads to others, and affects their firing 
characteristics. In Memjet. heat diffus- 
; ing from one actuator to adjacent actua- 
; tors affects both the heater layer and the 
\ bend-canceling layer equally, so has no 
| effect on the paddle position. This virtu- 
I ally eliminates thermal crosstalk. 

No Structural Acoustic Crosstalk 

This is a major problem with piezo- 
electric primheads. It does not occur in 
Memjet. 

No Fluidic Acoustic Crosstalk 

Each simultaneously fired nozzle is 
at the end of a 300 micron long ink inlet 
: etched through the (thinned) wafer. 
I hese ink inlets are connected to large 
ink channels with low lluidic resistance. 
This configuration virtually eliminates 
j any effect of drop ejection from one 
I nozzle on other nozzles. 
| Acoustic crosstalk between 'pods' 
j (groups of nozzles sharing an ink chan- 
! nel) is almost entirely eliminated by the 
; 300 micron long channels opening into 
relatively large fluid reservoirs. Acous- 
tic crosstalk within a pod is effect i\el\ 
eliminated by the time delay between 
subsequent drop ejections- within a pod. 
This is typically 20 microseconds, 
■ which is more than 40 times longer than 
| the resonant frequency of the ink chan- 
nel. "This gives plenty of time for-acous- 




No Power Supply Crosstalk 

The thick copper bus-bars in the 
device package, and the active power 
supply compensation mechanism, effec- 
tively eliminate crosstalk coupled 
through the power supply. 




Permanent Printhead 

All of the known problems that limit 
the life of ink jet primheads have been 
eliminated, allowing the primheads to be 
permanently installed. This dramaticallv 
lowers the production cost of consum- 
ables. Note, however, that the selling 
price of* consumables is not necessarilv 
related to the production cost, and need 
not be reduced. 

No Kogation 

Kogation (residues of burnt ink. sol- 
vent, and impurities, from the Japanese 
'koga' for burnt rice) is a significant 
problem with bubblejet and other ther- 
mal ink jet primheads. Memjet does not 
have .this problem, as the ink is . not 
heated. 

No Cavitation 

frosion caused b\ the violent col- 
lapse of hubbies is another problem that 
limits the life < T bubblejet and other 
thermal ink jet primheads. Memjet does 
not have this problem because no bub- 
bles are formed. 
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\o metals arc used in Mcmict actua- 
- or no//.lcs. which arc cntirch 
vw.amic. 1'hc re fore, there is no problem 
w iih elect romigrat ion in \ lie actual inkjci 
dev ices. The CMOS mctall i/.ation la>ers 
arc designed to support the required cur- 
rents without elcctromigration. fhis can 
he readily achieved hecause the current 
considerations arise from healer drive 
power, not high speed CMOS switching. 

Distributed Power Connections 
While the energy consumption of 
' Mem jet is fitly limes less than thermal 
ink jet. the high print speed and low volt- 
age results in a fairly high electrical cur- 
rent consumption. Worst case current 
for a photographic Memjei head printing 
in two seconds from a 3 Volt supply is 
I 4.9 Amps. This is supplied via copper 
; busbars to 256 bond pads along the edge 
! of the chip. Each bond pad carries a 
\ maximum of 40 mA. On chip contacts 
! and vias to the drive transistors carry a 
j peak current of 1 .5 mA for 1 .2 j.is. and a 
! maximum average of 1 2 mA. 




! No Corrosion 

! The no/./.le and actuator are entirely 

formed of glass and titanium nitride 

; (TiN). a conductive ceramic commonly 
used for metal I i/.ation barrier layers in 
CMOS devices. Both materials arc at 
minimum chemical energy levels with 

I respect to water, so do not corrode. I ita- 

| nium nitride does not corrode or dis- 
solve in extreme environments such as 

! molten aluminum. It is used as the coat- 
ing for the electrodes' in "aluminum 
smellers. I i\ is also highh wear resis- 
tant - man> watches and jewelry items 
are coaled w itli TiN as il looks like gold, 
but has much. better wear properties. 

1 iN does slowK oxidize in air abo\e 
500 °(". which limits the cfticicno of 
the actuator, as the actuator efficiency is 
proportional hi its temperature rise. 



< ire. iter ciiictciK^ cm he ohiamci: ^v 
the u^c oi t I i. \i )\. w inch has simiiai 
properties to I iN but resists ovulation 
up to oon '( \ 

No Electrolysis 

I he ink is not in contact with am 
electrical potentials, so there is no elec- 
trolysis. This is achieved by a deliberate 
design feature in the actuator arm. which 
is a gap between the actuator loop and 
the paddle. This electrically isolates the 
paddle from the drive circuit. 

No Fatigue 

All actuator movement is within 
elastic limits, and the materials used are 
all ceramics, so there is no fatigue. 
Finite element analysis shows the maxi- 
mum strain to be 0.5%. 

No Friction 

No moving surfaces arc in contact, 
so there is no friction. 
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No Stiction 

"Suction* is a combination of slick- 
ing' and 'friction', a problem common 
to many MEMS devices. Mem jet is 
! designed to eliminate stiction during the 
release of the actuators. This is achieved 
bv the low ratio of width to thickness of 
the cantilever beam, in combination 
with the high Young's modulus of the 
TiN layers. 

No Crack Propagation 
J Finite element analysis (FEA) has 
shown the maximum strain to be 0.5%. 
This is well within the crack propaga- 
tion limit of the "actuator, with the typi- 
cal surface roughness of the I iN layers. 

No Electrical Poliny Required 

I'ic/.oclcciric materials must be 
poled after ihc\ are formed into the 
printhead structure. This poling requires 
vcr\ high electrical field strengths - 
around 20.000 Vein. 1 he high voltage 



icqimcmcni i> picalK limits i!k* N |, v ,,; 
pie/oeleciric pri nt heads (o ;it"ound s c;.. 
requiring I no. out) Volts w> pole. Memiei 
requires no poling. 

No Rectified Diffusion 

Uectitied diffusion - the formation ,>f 
bubbles due to cyclic pressure variations 
- is a problem that primarily afflicts 
piezoelectric inkjcls. Memjei is 
designed to prevent rectified diffusion, 
as the ink pressure never falls below 
ze rt > . 

Elimination of the Saw Street 

The saw street between chips on a 
wafer is typically 200 microns. This 
would lake 26%) of the wafer area. 
Instead, plasma etching is used, requir- 
ing just 4% of the wafer area. This also 
eliminates breakage during saw ing. 

Lithography Using Standard 
Steppers 

Although Memjei printhead chips 
can be as long as the wafer is wide, stan- 
dard steppers (which typically have an 
imaging Held around 20 mm square) arc 
used. This is because the printhead is 
'stitched' using identical half inch expo- 
sures. Alignment between stitches fields 
is no l critical, as there are no electrical 
connections between stitch regions. One 
segment of each of 32 print heads is 
imaged with each stepper exposure, giv- 
ing an 'average' of 4 printheads per 
exposure. 

Integration of Full Color on a 
Single Chip 

Memjei integrates all of the colors 
required onto a single chip. This cannot 
be done with pagewidth 'edge shooter 
^k:signs. such as Canon Rubblejet. 

Wide Variety of Inks 

Memjei does not' rely on (he ink" 
properties for drop ejection. Inks can be 
based on water, microcmulsions. oils, 
various alcohols. MKK. hot melt waxes, 
or other solvents. Mem jet can be 'tuned' 
for inks over a wide range of viscosity 
and surface tension. This is one signifi- 
cant factor allowing a wide range of 
applications. 

Archival Quality 

\Vitli the right choice of dye and 
media, archival permanence signih- 
eantb belter than aA^v photographs can 
be achic\ cd. 

Laminar Air Rov/ with no Eddies 

! he printhead packaging is designed 
to ensure thai airllow is laminar, and to 
eliminate eddies. I his is important, as 




High Drop Repetition Rate can be 
used 

The nominal drop repel ii ion rate of a 
photographic Mem jet is 5 kHz. resulting 
in a print speed of 2 seconds per photo. 
1 he nominal drop repetition rate for an 
A4 printhead is 10 kHz for 30+ ppm A4 
printing. The maximum drop repetition 
rate is primarily limited by the nozzle 
refill rate, which is determined by noz- 
zle chamber geometry, flow dynamics, 
ink pressure, and surface tension. Drop ' 
repetition rates of 40 kHz can be : 
achieved (and 100 kHz may be achiev- : 
able), allowing print speeds of 120 ppm 
using a single row of nozzles for each ' 
color. However, 34 ppm is entirely ade- i 
quate for most low cost consumer appli- ' 
cations. 




lor wry high-speed applications, 
such as commercial priming, multiple 
- printheads can be used in conjunction , 
: with fast paper handling. A suitable sys- ' 

tern lor high cud commercial printing 
' can use one printhead per color per side. 
On a 34 inch web. this would give an 
cllcctiw ( A 4 cquixalcni) print speed of 
M ).<)00 ppm with a <Y25 m/s paper- 
speed. 

If the printer speed is reduced, the 
energy required lo prim a pa;je is distrib- 
uted over a longer liuie. so the power 
consumption is reduced, for operation 
trom A A Killcrics this can be important. 



as the internal resistance of the batteries 
limits the available power. I he battery 
I i let i me is not an important issue, as 
hundreds of pages can be printed from 
one set of batteries. The drop repetition 
rate can be reduced as low as desired to 
reduce power consumption, as the 
CMOS design is fully static. 

Low Head-to-Paper Speed 

The nominal head to paper speed of 
a photographic Memjet printhead is only 
0.076 m/see. For an A4 printhead it is 
only 0.16 m/see. . which is about a third 
of the typical scanning inkjet head 
speed. The low speed simplifies printer 
design and improves drop placement 
accuracy. However, this head-to-paper 
speed is enough for 34 ppm printing, 
due to the pagewidih printhead. Higher 
speeds can readily be obtained where 
required. 

High Speed CMOS not Required 

fhe clock speed of the printhead 
shift registers is only 14 MHz for an Ict- 
ter/A4 printhead operating at 30 ppm. 
for a photographic primer, the clock 
speed is only 3.84 MHz. This is much 
lower than the speed capability of the 
CMOS process used. This simplifies the 
CMOS design, and eliminates power ' 
dissipation problems when printing 1 
near-white images. 

Fully Static CMOS Design 

fhe shift registers and transfer regis- 
ters are fully static designs. A static 
design requires 35 transistors per nozzle, 
compared lo around 13 for a, dynamic 
design. " However, the static design has I 
several advantages, including higher 
noise immunity, lower quiescent power 
consumption, and greater processing to!- '" 
eranees. 

Wide Power Transistor 

The width lo length ratio of the 
power transistor i.s oXX. fhis allows a 4 
Olnii oii'iesisiaiice. whercb\ ihe drive 
transistor consumes f>.T' „ of the actuator 
power when operating from "V. I his 



size transistor fits beneath the actuator. 
I hus an adequate drive transistor, alonu 
with the associated data distribution cir- 
cuits, consumes no chip area that is not 
alread>' required by the actuator. 

I here are several ways to reduce the 
percentage of power consumed by the 
transistor: increase the drive voltage so 
that the required current is less, reduce 
the lithography to less than 0.5 micron, 
use BiCMOS or other high current drive 
technology, or increase the chip area, 
allowing room for drive transistors 
which are not underneath the actuator. 
However, the 6.7% consumption of the 
present design is considered a cost/per- 
formance optimum. 

Extensive Simulation 

Fx tensive simulations of fluid 
dynamic, mechanical, thermal, electri- 
cal, and other characteristics of the 
device have been performed. These are 
done using software developed at Sil- 
verhrook Research, in combination with 
several leading commercial software 
packages (Ansys. Fidap. and Mailab) 
Simulation is used as a 'computation;!! 
microscope' which is able to 'see' micro- 
scopic stresses, temperature profiles, 
and fluid flow in ways impossible with 
physical experiments. All simulations 
performed at Silverbrook Research are 
'causal'. Thai is. no assumptions are 
made about the motion of the ink or 
other aspects of the device. A simulated 
voltage pulse is provided to the actuator, 
and then we watch what happens. Simu- 
lations are performed at sufficient reso- 
lution to capture the detailed behavior of 
features such as satellite drops. More 
than 2.000 simulations have been per- 
formed.' using more .than 20.000 hours 



Yield 

Wld is. ofuiiiiv. a critical .isjv-vt 
lanufacturing an\ chips. For ihi.s , V;l . 
M,n - u ^ pin considerable cmpha.Ms 

on maximizing \ iclJ. The base OlUS 
pnvess is M.S micron, a mature tcchnok 
og\ able to achieve wry high yields on 
rcasonahlc sized chips. The chip si/c is 
small; ahoui X mm : per 1/2" prim head 
segment ( I cm : lor an H" printhcad). 



I nc Ml MS p:wc^ ii^h !^ n.«i \er\ 
^ensuiw lo particulate c» <niammai u »n - 
mosi lea I lire sizes arc well aho\ c I 
micron, and most lawrs arc quite w^cn- 
Mhw lo particulate contamination. 

Houcver. ii is noi a good idea lo he 
complacem about yickl. cspccialK ior a 
new process. Accordingly [h L - v 
csiimalcs lhai we use are pessimistic. 
I he yickl is calculated from the defect 
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Yield ramp-up 

' his Pf^j^li**!! .i»miK-s a slou x ield 
ramp-up o\er around 5 wars. 



uith a defect dcn>i 



starts 

lcn>ii\ of more than I Mo 
clclccisjvr enr. falling to around 0.2 
per cm 2 h\ 2005. 



1000.0 



to 100.0 



^^ct Density used for these financial projections (log scale) 

(note, these defect density projects are intended as a worst case estate for conservative financia. projects 
- actual defect densities w ill probably be nxich low er) 




Redundancy and Fault Tolerance 

lo allow cost-effective production 
of printhcads in the early years when the 
defect density is high, redundant print- 
heads can be used. 

The business model automatical I v 
selects between four configurations of 
print-head, depending upon how the cost 
ol each configuration changes with 



changing yield. These configurations 
a re : 

I) A printhcad with full redundancy 
(two complete rows of nozzles) made 
I mm tested and matched 1/2" printhcad 
segments fa total of 12 half inch seg- 
ments). 

2) A printhcad with full redundancy 
made from two rows of untested 4" 



printhcad segments (a total of 4 four 
inch segments). 

3) A printhcad with no redundancy 
made from 16 half" inch 'tested segments. 

4) A printhcad with no redundancx 
made from 2 four inch tested segments. 




Phnthead chip 



Normal pnnthead configuration with a single set of nozzles 
(51.200 total nozzles) 




Printhead chip 

"Spare" phnthead chip 

Redundant phnttiead configuration with two sets of nozzles 
(102.400 total nozzles) 



1 1 » j i , . • . i , : ■' i o i o 
I Ik- overall prinihcad > ichl :.m he 
drainaticalh h> the u^- ,u 
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u*duiidanc\ lauli U'kraiKV when the 
defect dcnsit ic> arc high 

I Ik* following graph shows i!k 'mmi 
\ ichl' of S" printhcads of huu JilVcivni 

Yield for Various Configurations 
Showing Optimum Configuration 
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4 inch sorted segments - - Optimum configuration 



half inch fault tolerant 



4 inch fault tolerant 



half inch sorted segments 



Printhead Manufacturing Cost 

The manufacturing cost of the print- 
head changes with yield. Although the 
yield of The fault tolerani configurations 
of printhead will always he higher than 
non-fault tolerant configurations, fault 



tolerance is not cost effective once the 
defect densities are low enough. 1 he pri- 
mary reason for this is that two complete 
sets of nozzles are required for lault tol- 
erance (unlike memories, where a tew 
redundant rows and/or columns are sul- 



ficient). The graph below rellccts the 
total manufacturing costs of printheads, 
including device sorting and packaging. 
The volume of manufacture is also con- 
sidered into the cost projection. 
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Manufacturing Cost for Various Configurations 
Showing Optimum Configuration 
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Vol u m t 

I lie IlKliltl i.:vM Uil Jli.* volume is plX- 
O-j lo in* iluott^ii three major phases: 

I* An initial lab phase, where onl\ 
around KM) wafers per month arc pro- 
cessed, i he \ icld are low lo none, aiul 
(he available number of prinlheads is 



\c:\ lumied i )e\\ i ,ie( iMi ic*» ah. »\ e 1 » »» > 
per enr are assumed 

2> A pilot phase, where die numhe; 
ot walcrs processed each month i> 
5.O00. I )efeel dcnsiiics are assumed to 
he he! ween I 0 per enr and I 00 per enr . 
necessitating ihe use of rcdundauc\ lo 
achieve good printhcad vields. 




' 1 ^ ■ nil manulaciunn-j phase, 
where 25.00O wale is are processed each 
mondi. I lere defeel densihes .ire 
e\pecied lo fall from around S per enr' 
lo 0.1 per enr over ihe course of fi\e 
>ears. During this phase, ii is more com 
ellecii\e inn lo use redundancy 



Millions of 8" Printheads per quarter for Various Configurations 
Showing Optimum Configuration 

20 



16 




half inch fault tolerant 4 inch fault tolerant half inch sorted segments - 4 inch sorted segments - - Optimum configuration 



Early Product Mix 

The market f o e u s during ihe pi loi 
phase and the mam production phase 
should " he different. During the pilot 
phase, markets which are relatively 
insensitive to print -head cost should he 
targeted. These include: 

1) Wide formal priming (machine 
prices around % 1 0.000) 

2) Network color printing (machine 
prices between .S.vOOO lo $7,000} 

?>) Digital commercial .print i ng 
(machine prices Si 00.000 and up) 

4) Photo finishing (machine prices ■ 
between $5,000 and $20,000} 

During the main manufacturing 
phase, high volume markets can also he 
largelcd. 



fV ' MjET Prototype 
Fabrication 

Mcloiv ;in integrated t'M< )S 
MI-MS prototype is made, we recom- 
mend the lahricalion of a Ml-! MS only 
prototype. The M1!MS prototype can he 
made wry failhl ul ly to a full prim head, 
with nearly identical actuator and no/./.le 
siruemre. The main limitation of a 
Ml -MS only prototype is that the num- 
her of no/./.les is limited, as a separate 
hond pad is required for each nozzle. 



1 he pioioiypc described here ha- 
onl\ 15 no/zle-N per ehip. I he hchavior 
of a few groups of 5 no//les is a near 
per feel moeiel of the entire ehip perl or- 
manee. a> the llukiic. thermal, eleetrieal. 
aeoitsiie. or nieehanieal coupling 
hclwecn 5 nozzle groups is extremely 
small. 

A ehip layout with 15 nozzles is 
shown helow. This ehip is 3 mm x 5 
mm. and is replieated on a 1.2 x 1.2 em 
mask set. The mask set contains 10 vari- 
ants of the precise no/./.le dimensions. 



phis \.iri«'ii> tcM structures. I he mas r . 
;iK t t eontain> a tcM pruuhead win 
around 5000 nozzles. As there is n, 
CMOS on the chip. only .some of Uk 
nozzles are "wired tip . I his ehip i 
intended to test mechanical aspects o 
handling and packaging. 

The mask has heen laid out usim 
' fanner looks', and is availahlc as I an 
ner or CiDSII files. 

I he suhscquent pages show the pro 
cess steps, and the mask for a sing! 
no/./.le unit cell. 




Process details 

One micron of aluminum is deposited 
and etched using Mask 1. This mask 
includes the electrodes to the actuator, 
the bond pads, and the wiring between 
these items. It is possible to replace the 
aluminum with TiN wiring and bond 
pads. However, thai would diverge fur- 
ther from the CMOS \ MLMS design, 
and add process risks. The region around 
the nozzle chamber is on Metal! for a 
1P2M CMOS + ML: MS process.- while 
the electrodes are on metal 2. 



Layer thickness j 1 micron (nominal ) 

I hickness variant >n : >()'! (( 
Lincuidth - , microns 



CD Accuracy 



± 0.2 microns 



Alignment accuracy Mechanical 

Align to ' Wafer, flat 

Production process j CMOS M l and M2 

I'riHluction mask ( "(.mains u ii mil: 



Mask 1 



Top View 



Deposit and ';tch 1 micron aluf nun jm 
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2) 1 Micron PECVD Nitride 





Process details 

One micron of PECVD silicon nitride is 
deposited and etched using Mask 2. This 
mask includes the vias from the alumi- 
num to the first TiN layer, and some rela- 
tively minor fluid control aspects. For a 
CMOS : 'MI-MS process; this is the pas- 
sivation layer, and will typically be 0.5 
microns of glass followed by 0.5 microns 
of silicon nitride. 




Mask 2 



A pure nitride passivation layer is prefer- 
able, to prevent ions from the ink from 
diffusing ihrouuh ihe iilass. 



I ,a\ cr thickness 

I hickness \ aHation 

Unewidth 

("I ) Accuracy 

Alignment accuracy 

Aliiiti l.» 

I'rt ><.Uict ion pr< >ccss 
Kiikium ina .k 



i micron 
: 20% 
I micron 



: 0.2 microns 
± 0.2 microns 
Metal 1 

( M( )S passivation 
Name 



! f 



Top View 



Deposit arid otcli 1 micron PECVD Si x N y H 2 
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Process details 

1.5 microns of spin-on photosensitive 
pol-yimide is deposited and exposed using 
UV light to Mask 3. The polyimide is 
then developed and hardbaked. 1.5 
microns is the final thickness - around 3 
microns of liquid is spun on. depending 
upon shrinkage. 

The polyimide is sacrilicial. so there is a 
wide range of alternative materials which 



can be used, such 


as glass or aluminum. 


Photosensitive po 


lyimide simplifies the 


processing, as ii 


eliminates deposition. 


etching, and resist 


stripping steps. 


i 1 .ayer thickness 


1 .5 microns 


1 hiekness variation 


. .L 10% 


Polyimide sidewalls 


t approx. 60° 


Lincwidth 


1 .25 micron 


(' 1 ) Accuracy 


: 0. 1 5 microns 


Alignincnl accuracv 


: ( U5 llliciulls 


A lign to 


i 

Mclal 1 i 


Production process 


S.tme | 


Production mask 


Same 



Mask 3 




Top View 



1 r > microns sacrificial photosensitive \ xjlyinude 
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4) Sputter 0.2 Microns TiN or (Ti,AI)N 





Process details 

0.2 microns of magnetron sputtered tita- 
nium nitride is deposited at 300 °C and 
etched using Mask 4. This layer contains 
the actuator and part of the paddle. 

In production, the resistivity of this layer 
of TiN should be consistent to within a 
few percent over the wafer. 

(Ti.AI)N is pre! erred to TiN for high effi- 
ciency operation. "as it resists oxidation at 
higher temperatures. 



J I .aver thickness 
t I hickness variat ion 

Li new id t h 

CD Accuracy 

Alignment accuracy 

Align to 

Lro<Juciion process 
I * j" * nluct ion mask 



0.2 microns 

I micron 

± 0. 1 5 microns 



± 0. 1 microns 
Metal I 
Same 
Same 




Mask 4 




Top View 



0.2 microns TiN sputtered at 300 do 



5) 1.5 Microns Sacrificial Polyimide 




Process details 

This step is identical to step 3. 

!.:> microns of spin-on photosensitive 
polyimide is deposited and exposed using 
UV light- to Mask 5. The polyimide is 
(hen developed and hardhaked. I .5 
microns is the final thickness - spin on 
around 3 microns depending upon shrink- 
age. I he thickness determines the gap 
between the actuator and compensator 
TiN layers, so has an effect on the 
amount that the actuator hcnds. 




Mask 5 



I f .ayer thicknes 



I > iiiicrons 

: hi",. 



O.S microns 



I hickncss variation 
Polyimide sidcwalfs 
Linewidth 
CD Accuracy 
Alignment accuracy j x- 0.4 microns 
Aliun to ' \l ci ;,| | 

Production process s.iiin' 
rrodiielion mask .same 





i .1 • 






ipprox. 60 ' 
















1 micron 










■ Top View 



1.5 microns s;K;rifici;d pholosensitivo polyinitrio 



Menijoi 24 



6) 0.2 Microns Sputtered TiN 




Process details 

This step may be identical to step 4. 
However, there is no efficiency advan- 
tage in the use of (Ti.Al)N. as this layer is 
not part of the thermal actuator. Either 
TiN or (TLAl)N may be used equiva- 
lently. 

Deposit 0.2 microns of magnetron sput- 
tered titanium nitride, at 300 °C. The TiN 
is etched using Mask 6. 

This layer is not electrically connected, 
and is used purely as a mechanical com- 
ponent. 



I .aver thickness 
Thickness variation 



0.2 microns 



Linewidth 
CI ) Accuracv 



i 1 micron 
± 0. 1 5 microns 



Alignment accuracy i ± 0.1 5 microns 

Align in 1 IN I 

Production process Same 

\ } i odncl ion in;(sk Same 




Mask 6 



Top View 



0.2 nucrons TiN sputtered at 300 degrees 



7) 8 Microns Sacrificial Polyimide, Al Mask 




Process details 

8 microns of standard polyimide is spun 
on and hardbaked. This thickness deter- 
mines the height to the nozzle chamber 
roof. As long as this height is above a 
certain distance (determined by drop 
break-off characteristics), then the actual 
height is of little significance. As this 
polyimide layer is not photosensitive, h 
may be a filled layer to obtain a lower 
coefficient of thermal expansion. 



Mask 7 



A 50 mil aluminum 


hard mask is depos- 


ited. ( )ne micron of 


resist is spun on and 


exposed to Mask 7. 


1 he A 1 hardmask is 


etched. 




Layer thickness 


S microns 


Thickness variation 


+ 4. - 0.5 microns 


Linewidth 


2 microns 


CD Accuracy 


h 0.5 microns 


A 1 i g 1 1 m c n i . ac c u ra c v 


; 0.1 microns 


Align lo 


i iN 1 


Product ion process 


Same 


1 'r< uiuci i* >ii mask 


1 VpciitU on clcli 




8 microns sacrificial polyimide. with aluminum mask 



Memjet 26 



8) Etch Polyimide using Oxygen Plasma 




Process details 



Sacrificial polyimide" is anisotropically 
plasma etched. The sidewall angle should 
he hetter than 80 degrees. The mask 
design shown for Mask 7 is for 90 degree 
sidewalls. and should- be modified to suit 
the etch, .process if the etch process used 
varies more than ± 3 decrees from vertical. 



I- ten depth 


1 1 microns 


fitch slop 


Y\N. Si 3 N 4 


Sidewall angle 
Angle accuracy 
Alignment accuracy 
Align lo 

Production process 


90 degrees 
:i: degrees 
± 0.2 microns 

t.n : 

Same 



Uses aluminum hard mask from previous step 



/ / 



in \~: 



1 1 



Top View 



Etch sacrificial polyimicio usinq oxyqen plasma 
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9) 1 Micron Conformal Silicon Nitride 




Process details 



1 micron of PECVD silicon nitride is 
deposited at 300 °C. This fills the chan- 
nels formed in the previous PS polyimide 
layer, forming the nozzle chamber. 



In the cross section, some areas appear to 
be large solid areas of nitride. These are 
actually 2 micron thick slots viewed side 
on. 

This layer is not particularly critical. The 
major requirement is good adhesion to 
I iN. 1 aiclosed vacuoles should not cause 
problems. 

I he nitride deposition is followed bv 3 
micron of polyimide. w hich is hardbaked. 

' Si -N. ( thickness j ' i micron 

• Thickness variation : •'■•/- 2jS% 

INil) imidc thickness I micron 

I hickness variation : - 2>"-.i 

Product ion process : Same- 



No Mask 



Top View 




1 micron conifwmnl PECVO Si y N x/ H y ] micron polyimirjr- 
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10) Etch Polyimide and Nitride 





Process details 

The polyimide is etched down to nitride 
using Mask 8. The nitride is then etched 
down to Sac 3 polyimide using the Sue 4 
polyimide as a mask. 



Pi Etch depth 


l .5 m icron 


liich variation 


' :i: ]()% 


Nitride llich depth 


1 .5 micron 


Etch variation 


j ± 10% 


Linewidih 


| I micron 


CD Accuracy 


0.1 5 microns 


Alignment accuracy 


j :i: 0. 1 microns 


Align it ' 


TiN 2 


Production process 


Same 


Production mask 


Same 

t 




Mask 8 



Top View 



"1 ^ 

. />-' . 



Etch of Sac 4 polyimide and no//\a roof Si x NyH z 
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11) Deposit 0.25 Microns of PECVD Nitride 




Process details 

0.25 microns of conformal PECVD sili- 
con nitride is deposited at 300°C. 



'I'h is layer forms the nozzle rims, usiim a 
\sidewall spacer" like process. The thick- 
ness is not particularly critical, and could 
be substantially thinner if desired, as 
there is insignificant fluid ic pressure act- 



ing on the rim. No Mask 




Deposit 0.25 microns of PECVD Si v N w H y 

fvlemje 



12) Anisotropic Etch of Nitride 




Process details 

The nozzle rim nitride is anisotropically 
plasma etched. The etch can he timed, as 
etch depth is not critical. Substantial 
ove retch is required to ensure that only 
vertical nitride walls remain, and that 
nitride over sloping topography is com- 
pletely removed. 



No Mask 



[Itch depth 0.5 microns 

Depth variation ± 20% 

Production process J Same 
Production mask None 



S \\ If J l> ~/J I 





Top View 



0.5 micron anisotropic 'sicJewjill' etch of Si x NylH^ 
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13) 4 Microns of Softbaked Resist 




Process details 

Spin on 4 microns of resist and softbake. 

This resist layer is to protect the front 
side of the wafer during backetch. The 
resist thickness is to cover the topography 
of the MEMS devices, and therehv al low 
a vacuum chuck to he used. 



Resist thick ness j 4 microns nominal 

Thickness variation ] +50% -25% 

Production process \ Same 

Production mask None 



No Mask 



Top View 



'» microns softb;ikod resist as ;i protoolivo | ?iy( , r 
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14) Back-etch using Bosch Process 




Process details 

The wafer is thinned to 300 microns (to 
reduce back-etch time), and 3 microns of 
res i si on the back -side of the wafer is 
exposed to Mask 1 0. Alignment is to 
me tat I on the from side of the wafer. 
This alignment can be achieved using an 
IK microscope attachment to the wafer 
aligner. The wafer is then placed on a 
platter and etched to a depth of 330 
microns (allowing 10% overelch) using 
the deep silicon etch "Bosch process". 
This process is available on plasma etch- 
ers from Alcatel. PlasmnThcrm. and Sur- 
face TechnoloLiv Systems. 




lach depth 
l.ach variation 



l.inewidth 

Ci) Accuracy 

A l igament :iccur;icv 

Align l<> 

I'nuluciinn process 
I 'i t kIi ici n >D i n;isk 



330 micron 

± 10% 



40 microns 
:i: 2 microns 



- ! J microns 
Metal I 
Same 
1- ul I u ;i Icr 



Bottom View, rotated around horizontal axis 



I3;ick-etr;t > throucjh w;ifer using Bosch process 
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15) Strip all Sacrificial Material 




Process details 



The chips were diced by the previous 
Bosch process back-etch. However, the 
wafer is still held together by I I microns 
of polyimide. The wafers must now be 
turned over. This can be done by placing 
a tray over the wafer on the platter, and 
turning the whole assembly (platter, 
wafer and tray) over while maintaining 
light pressure. The platter is then 
removed, and the wafer (still in the tray) 
is placed in the oxygen plasma chamber. 

All of the sacrilicial polyimide is ashed in 
an oxygen plasma. 



No Mask 




MM 



Top View 




n i 



i^f"*. .... 



f J <'i<;k;iqo. bond, prime, find to 



st 
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16) Package, Bond, and Prime. 




Process details 

Glue the chip into a package with an ink 
inlet hole, for example, a pressure trans- 
ducer package. The ink hose should 
include a 0.5 micron absolute filler to 
prevent contamination of the no/./.les. 

The prototype Mem jet chips are 3 mm 
square, but the ink inlet hole region is 
only about 240 x 160 microns, in the cen- 
ter of the chip. Glue the chip into the 
. package so thai the chip ink inlet is over 
the hole in the package. This requires 
only 500 micron accuracy. Wire bond the 
6 connections to no/./.les to be tested. 

bill the packaged prinihead under approx. 
5 kPa ink pressure to prime it. 
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17) Test 




Process details 



Testing of the inkjets is performed by a 
mixture of physical observation and sim- 
ulation. 

The primary physical test is to take high 
speed photomicrographs of the ink drops 
in flight. This is done with a special opti- 
ca! microscope; a high speed flash, a 
gated photomultiplier plate, and a high 
speed CCD camera^ The images are 
stored on computer and carefully com- 
pared to the simulation results. When the 
simulation matches the experimental 
images (o within a few percent, then the 
simulation can act as a -microscope able 
to see almost any aspect of the no/./le 
operation. 




Actuate 



Return 




Silvcrbrook Research is establishing a 
testing laboratory that will be able to per- 
form the necessary tests, and correlate 
Ihese tests with extensive .simulation 
results. 
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Appendix C 

Monday, November 23, 2001 

The New Age of Robot Pets 
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The Mysterious Return of Tutankhamen 



The mask of Tutankhamen, safely 
returned to the Cairo museum. 



CAIRO — As mysteriously as it dis- 
appeared two weeks ago, the famous 
golden mask of King Tutankhamen 
has been returned to its home. 
Egyptian police were alerted to by 
telephone of a package sitting out- 
side the back entrance to the Cairo 
museum yesterday morning. Upon 
investigating further, the police dis- 
covered to their joy that it was, in 
fact, the missing artifact. 

The artifact was discovered missing 
by a security guard in the museum at 
4am on November the 11th. The 
security crackdown has led to the 
unearthing of hundreds of illicitly 
stolen artifacts throughout Egypt and 
the world. 

Pieces that have been missing for 
generations have been recovered 
from private collections around the 
world, as "dob a robber" has become 
the favourite pass time of the rich 



and famous privvy to these illicit col- 
lections. The Egyptian government 
has been overwhelmed with offers of 
help, and a crack anti-theft squad was 
instantly dispatched by the French 
police in charge of the prestigious 
Louvre museum in Paris. 

A breakthrough came last Thursday 
with the discovery of the artifact's 
pedestal in a Cairo warehouse in the 
north of the city. Police were in the 
process of questioning several sus- 
pects when the golden death mask 
was returned yesterday. 

"We can't believe our luck" said 
Mohommed Sharim,. Director of the 
Cairo Museum. '"Never before has 
such an audacious theft occurred, 
despite extremely sophisticated elec- 
tronic monitoring equipment. We are 
very pleased the mask has been 
returned to us." 



The New Age of Electronic Pets 



TOYKO-- The latest "must have" toy 
has arrived on the supermarket 
shelves. It's called "Twinky" and it's 
a fully functioning robot . Twinky was 
designed by the Sony corporation as 
an intelligent pet, ready for the home, 
without the maintenance required for 
a regular animal. 
Twinky is a complex design, crafted 
for real-world interaction. Twinky 
pools the talents of engineers in soft- 
ware , computers , sensors and com- 



munications. In fact Twinky is the 
culmination of years of research into 
artificial intelligence and robotics. 

Twinky uses the latest in CPU tech- 
nology, and redefines the term 
"robot". Twinky, you see, has emo- 
tions. She can be happy or sad, bad or 
boisterous. And the complex sensors 
encapsulated into Twinky's infra- 
structure means that Twinky can 
actually see and hear the world 
around her. 



Twinky is intelligent and 
autonomous, and is able to perform 

requested tasks and is also able to 
learn. She can be naughty though, 
and discipline is part .of the robot's 
appeal. No spanking for Twinky, just 
strong words will suffice. 

And don't worry about having to 
pick Twinky up when she falls down, 
she can get up all by herself. 

Sales of Twinky start today, and it is 
anticipated that the queues at depart- 
ment stores will quickly be replaced 
by happy customers. 
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Sam's Email 




Hi Sam! 

Hi Sam, 

This is Christine's Mum. Christine 
says to say hello and would you 
come over tonight and play? 
Sam says she hasn't been at school 
last week because she's been sick, 



but she misses you and would like 
to see you soon. She has to go to the 
doctor's today, but she is very much 
better. She drew you this picture of 
your dog while she was sick. 



Sincerely 
Caroline Brown 





Email 3 



Ick! 

Sam, 

I went over to Toby's house yester- 
day, and he was digging a cubby 
house in his backyard. He threw 
worms at me! Horrible boy! Anyway 
I guess we should get him back on 
Saturday at Chris's Party, what do 
you think? 



Suzi Woods 




Hate and other 
stuff 

Sam, I really hate Toby Withers. 
Let's put dirt in his bag today. Either 
that or we can pull his hair. What do 
you think? 



Shelly Wordrow 




Did u know? 

Hi ya Sam, 

I mised you after our vacation togeth- 
er, but it was god fun wasn't it? Did 
u know that my dad is going to New- 
York this week on a bisnes trip? He's 
staying in a big hotel in the city. 
Wot's it like living ni New York? 
Here in Maryland it's really quite but 
its gud fun on the farm. 

My Mom says that I can use her 
computer to send you messages once 
a week if you would like, and we are 
going to Coney Island again next 
year for our vacation to. 
Are you going again? That would be 
reealy cool, cause we culd play in the 
sand again like we did this year. 

This email is taking me so long to 
write cause I dont know where any of 
the keys are. You hav e to learn to 
type to use a computer really fast. So 
when I'm older I'm going to. Bye 



now. 

Katherine May 





Gazing at 



Sa^K Newsfiles Monday, 



November 23, 2001 

the Night Sky 



. Mind Benders 4 



Clue: What is the name given 
to stargazing and what is it? 
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WORDS 

Asteroids 

Astronomy 

Celestial 

Comet 

Cosmology 

Craft 

Dark Matter 
Day 



Emit 


Jupiter 


Night 


Saturn 


USA 


Field 


Leo 


Orbit 


Scan 


Venus 


Galaxy 


Lens 


Pulsar 


Sky 


Virgo 


Gamma 


Light 


Polar 


Star 


Xray 


Gravity 


Mars 


Quasar 


Starburst 


Halo 


Meteor 


Radio 


Space 




Heaven 


Milky Way 


Ray 


Supernova 




Hot 


Moon 


Rotate 


Sun 




lo 


Nebula. 


Red Dwarf 


Terra 





The words 
may be back- 
wards, front- 
wards, diago- 
nal or around 
corners. 



DID YOU KNOW? 

If you're having trouble 
remembering the names of all 
the planets in the solar sys- 
tem, simply remember 
this catch phase: u My 



very earnest mother just sat 
upon the north pole" 
Each letter at the beginning of 
each word stands for a planet. 
. My = Mercury 
very = Venus 



earnest - Earth 
just = Jupiter 
sat = Saturn 
upon = Uranus 
north = Neptune 
pole = Pluto. 
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Knock mrmm 
Knocks WE9 

Knock knock. 
Who's there. 
Pencil. 
Pencil who? 

Pencil fall down if you don't 
have a belt. 

Knock Knock. 

Who's there? 

Ice cream soda. 

Ice cream soda who? 

Ice cream soda neighbours. 

wake up! 

(I scream so the neighbours 
wake up!) 




No\v Shdvvmg 






The boyv^<&^ 0 f 
colors for the ultirndte 0ctessory! 





A}sp available :'jn 
/aH/* rriajpr '/ .toy. 
' stores"- / 
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Family and Friends 




Chris's Birthday Party 

Hey Everybody! Don't forget it's Chris's third birthday 
party on Saturday! Here's a picture that I took of her 
last week, cool hey! Anyway, the party starts at 12, 
bring a plate and wine. Could you RSVP please, so I 
can do a head count on how many children are coming, 
we've got some special treats planned. 
So be there, or be square. 

5/315 114th St. 

New York 

Ph 55568484 
Love Karen. 



Death in the Family 

Grandma tells me that Great Uncle 
Warren passed away peacefully in the 
Golden Years Nursing home in NYC 
yesterday. Warren was a private jn. 
World War II, when he ran way to the 
army at the ripe old age of 17. He rose 
to the rank of Sergeant during the 
1950's, when her served in Korea. He 
never married. After he left the forces 
he studied at NYU and then set up his 
own dental surgery in Mystic, 
Connecticut. As an active member of 
the local municipal council, helped to 
fund the Mystic Seaport. 



He lost contact with 
many of the family in 
the 1960's when he 
moved to Africa, 
where he worked for 
Community Aid 
Abroad for 15 years. 
There he worked further in dentistry, 
where he was involved in training 
many of the younger generation of 
dentists in Zimbabwe and Zaire. 
He returned to the US in 1980, where 
he set up his practice in Brooklyn. 
There he was known in the local com- 
munity for his passion for breeding 
butterflies. Warren Sheldon was 83. _ 

Lucy Sheldon. 




(ifmoLi TJJuck Uiharni 

Oh let today be sunny, inside my heart as well 
as outside in the world. Let mc succeed in my 
goals and conquer my fears. 

1 will not let others get me down, and I will 
follow my dreams. For dreams are all that we 
can achieve, all that we could wish for. 



Jonathon does us 
Proud! 

Jonathon, who has been struggling in 
the junior league baseball, has made 
the B grade in the under 12's base- 
ball team next season! 
He's playing for the Junior Braves, 
and hopefully he will get up to A- 
reserve soon. Even tho the baseball 
season is well and truly over, the 
selectors had a special playoff two 
weeks ago to pick the teams. 
The B team will be travelling to 
Dallas, Texas mid season next year 
for two games against the B grade 
down there! 

I took this picture on our new digital 
camera last summer. 
Hope to hear from you all^soon now! 

Sally Wrieht 



When ice is a salvation. 
When hearts crack. 
In Cinemas December 1st 
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Thq Interactive Adventures of Prince Zelmar 





As the warships gather in the south, he 
now knows that hopes of peace are futile. 




Princess Stephanie has rejected him, his hopes 



of settlement through marriage will not succeed. 



; - iMBBKk WS^^ beneath the: 

' 9 m ^ r ^-- th^/fl^i^^ ; v:Tiger;.of;Rome M lies a danger 
\ f£ -^;-^V~i ^ ->> more perilous than his rriany 



enemies. 
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r 



V. 



Suddenly the water beside the 
"Tiger of Rome" boils. 




Crown Prince Zelmar gasps in astonishment as a 
Zoithawian sea monster burst out of the sea. 




The beast is enormous! Quite capable of eating the ship as a single mouthful But 
Z.othaw.an sea monsters are intelligent, so should Zelmar lalk or fight ? o,„. nue d n,™™ ... 
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The common leopard is found in parts -of 
Asia. 



Cats of Asia 



mm 



The Leopard, is an elegant, long-bodied cat with a pro- 
portionally smaller head, sturdy legs of medium length 
and a long tail, more sinuous in its movements than the 
heavier bodied lion and tiger . 

Leopards are found in a wide range of habitat, from 
desert to savanna and forest . Once found through most of 
Africa and through the Middle East to Java, they are still 
fairly common in some parts of central and east Africa 
and there are scattered populations in east Africa and 
many parts of Asia. The close soft coat of the leopard is 
short and sleek in tropical areas, longer in colder climates. 

In India it often seems to prefer to live near villages 
where it preys on dogs, goats, calves and chickens. The 
leopard can be a very secretive animal and is a stealthy 
hunter. Depredations on domestic livestock may be out- 
weighed by their control of baboons, cave rats, and other 
animals that destroy crops. Other prev includes almost 
anything from antelopes to rodents, hares, frogs, and even 
dung beetles. They are strong swimmers and climb well, 
often carrying carcasses 20 feet (6 m) up into a tree. 

The leopard can be a very secretive animal and is a 
stealthy hunter. In areas where it is hunted^ the Leopard is 
nocturnal and seldom seen except in reserves where it has 
become used to vehicles and may be seen hunting in the 
daylight. 

Although solitary, there have been reports of males stay- 
ing with their mates and even helping rear cubs, and 
group of up to six have occasionally been seen. 



The black Panther is a black 
leopard which has black 
rosettes on a black back- 
ground. 



Leopards have up to four 
cubs in their litters after a 98 
day gestation period. 
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The Snow Leopard is an endangered species that live in mountainous regions in Asia and the Former Soviet Union. 




Up to four cubs (but usually two) are born 
after a gestation period of about 98 days, in a 
cave, hollow tree or thicket. The cubs are 
born with dull gray hair. They are weaned at 
three months, but stay with their mother until 
18 months to two years old and reach sexual 
maturity and full size at two and a half to 
three years old. 

She may move them from place to place. 
When the cubs are older, she will lead them to 
a kill. The young play by stalking and pounc- 
ing, preparing them to hunt on their own. 
Life span of the leopard is 21 years in captiv- 
ity. 

Leopards have a call, described as a "grunt- 
ha! grunt-ha!", and a variety of other grunts, 
coughs, and a sound like someone sawing 
wood, but they are usually silent. 

A few leopards appear to be black because 
they have black rosettes on a black back 
grounds. These leopards are known as black 
panthers . 



Leopards have been heavily hunted for their 
fur, and loss of habitat and natural prey has 
increased predation on stock (and sometimes 
attacks on people) leading to further killings. 
They are now protected through most of their 
range and are listed as endangered. 

SNOW LEOPARD 

(Panthera uncia) 

The snow leopard has a thick, beautiful gray 
to yellowish-gray coat marked with large 
black rosettes. Hunting for its beautiful coat is 
just one of the reasons this cat has become an 
endangered species. In some areas, natural 
prey sources have been depleted due to 
human encroachment. 

Snow leopards live in mountainous regions, 
between 6,000 and 20,000 feet in altitude, and 
are found in the mountainous regions in the 
former Soviet Union, Mongolia, India, 



Pakistan, Afghanistan, China, Bhutan and 
Nepal. 

Although accurate wild population estimates 
are difficult to make due to the remoteness of 
the snow leopard's range, only 5,000 animals 
are believed to survive in the wild. 

There are currently over 600 snow leopards 
in captivity worldwide. More than 250 ani- 
mals are- managed in North America as part of 
the American Zoo and Aquarium 
Association's SSR (Species Survival Plans) 
The plans outline breeding plans, work to 
increase public awareness and education, help 
conduct research, and in some cases, organise 
• programs to reintroduce captive- bred wildlife 
into secure habitats. 

The snow leopard's range is spread across 
eight international boundaries, making the 
establishment of a cooperative effort to save 
t ^ lcm vcry difficult. 
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To celebrate the new season's snowfall, today's digital designs are "Creatures of Winter". 
Y '*"* \an download each of these designs at an A4 size. 

. j page is sponsored by Wildlife International. Wildlife International is an organisation 
actively involved in conservation worldwide, including the sponsorship of the "Tiger 
Reserve" in India, as well as purchasing large tracts of wilderness and creating managed 
wildlife reserves in South America. Projects also include the White Rhino breeding proj- 
ect in Africa and Australia, and the Bald Eagle Project here in the U.S.A. Simply press the 
image you want and then the Print button. 
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Easy Cross Word 
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Crvptic Cross Word 
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Giant Cross Word 
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YOUR HARDWARE HANDYMAN SP[ 


HAND TOOLS 





ECIALISTS 




CONTINUED 





Hacksaw Pruning Saw Plaster Saw 

2EiIS^22Sl?^ Tadde those pruning needs A most for the home ... 1S6 «w lia5Dee n« 

SbSfo?^ « hacksaw with the durable and versitile renovator. Trim your plater to to stay sharp ton^eV! 

co "' the exact size. 



Carpenters Saw 

This saw has been designe 



saw 



Retail: 
Our price 



$8.00 

$6.50 



Retail: 
Our price 



$2.00 
$1.50 



Retail: 
Our price 



$15.00 
$11.50 



Retail: $18.0< 
Our price $11.5( 




Pliers (Set) 



SIDCUT pliers offer you 
quality without the large 
price tag 



Grips (Set) 

SIDCUTGnps offer you 
quality without the large price 
tag. 



Needlenosed Pliers 

For those hard to get at 
positions you need 
Piontant Pliers 



Retail: $9.00 
Our price $6.00 



POWER TOOLS 



Retail: 
Our price 



$4.00 

$1.50 



Retail: 
Our price 



$2.00 
$1.50 



Adjustable Grips 

This set of handy grips 
allow you to grip almost 
anything. 



Retail: 
Our price 



$6.0C 

$4.5( 




HITACHI Cordless Drill 
You never have to worry 
about a power outlet with 
this quality product 



Electric Plane 



Save time an effort with this 
professional electric plane. 



Bench Grinder 

This grinder has all the 
power you'll ever need. 



Jigsaw 

With this jigsaw you can a 
just about anything cleanly 



Retail: 
Our price 



$58.00 
$46.50 



Retail: 
Our price 



$118.00 
$106.50 



Retail: 
Our price 



$125.00 
$ 96.50 



Retail: 
Our price 



$38.0 

$29.5 
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YOUR HARDWARE HANDYMAN SPECIALISTS 



INFORMATION 






HITACHI CORDLESS DRILL 







WEIGHT: 


1 POUND 


Hard Carry Case 


CHUCK SIZE: 


1/2 INCH 


Soft Carry Case 


RPM: 


1500 RPM 


Belt Hook 


CHARGE LIFE: 


2 Hours Constant Use 


Easy Out Attachment 


RECHARGE TIME: 


12 Hours Trickle Charge 






1 1/2 Hour Quick charge 




BATTERIES: 


2 x 9.6v NCA High Charge 






Press Info Button 
for Technical Manual 
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QTY DESCRIPTION 





HITACHI CORDLESS DRILL 
_ 9.6v 1/2 INCH CHUCK 

Sidchrome Socket Set 
Imperial 1/2 Inch 

Electric Plane 

Makita Power Plane 

Bench Drill 

RVQbi With ctmrf A ■ 1 1 1 | l II ' 






EACH 
46.50 

52.50 
106.50 
180.00 



52,50 



106.50 



3 



Screwdriver set 
Sidchrome Philips Head 

Pliers Bullnosed 

Mechman Electricians Pliers 




2.00 



6.00 



180.00 



6.00 



6.00 



d«£iii;.U;_ .... 



Needlenosed Pliers 
, Piontant Pliers Drop s~~r I 
Forged_ J 

1 I Adjustable Grips 

I Sidchrome ^-sT^^* 
1 1 i 2 lnch_and_2Jnch , *^v_^ 

1 | Carpenters Saw 

14 inch Blade 



1.50 



1.50 



4.50 
11.50 



4.50 
11.50 



Customer 

Mr l.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 
Date Printed 11/3/2001 



SUBTOTAL [ 

FREIGHT 

TOTAL 



234.00 



4.00 



238.00 
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CHECKOUT 



QTY 


DESCRIPTION 


EACH 


TAX 


I TOTAL 


1 


HITACHI CORDLESS DRILL &^0b- 
9.6v 1/2 INCH CHUCK H 


46.50 


0 


46.50 


1 


Sidchrome Socket Set sS^^P 
Imperial 1/2 Inch WmgBmgA 


52.50 


0 


52.50 


1 


Electric Plane «jS3Nf-~ 
Makita Power Plane jfl^p£^ 


106.50 


0 


106.50 


3 


Screwdriver set ><^^^P 
Sidchrome Philips Head ^^^^B 


200 


0 


6.00 


1 


Pliers Bullnosed Jtfjjf^ 
Mechman Electricians Pliers /y/jiu 


6.00 


0 


6.00 


1 
1 


Needlenosed Pliers s ^gp^ 
Piontant Pliers Drop 
Forged ^/ 

Adjustable Grips ^LT" 
Sidchrome - ^r^^* 
1/2 inch and 2 inch V ^ 


1.50 
4.50 


0 
0 


1.50 
4.50 


1 


Carpenters Saw rffniim 
14 inch Blade 


11.50 


0 


11.50 



Customer 

Mr I.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 
Date Printed 11/3/2001 



Payment Details 

Credit Card 

I I MASTER CARD 4564 xxxx xxxx 9696 

I I Other Credit Card 

Cash On Delivery 
I I Account 



SUBTOTAL 

FREIGHT 

TOTAL 



235.00 



4.00 



239.00 



1 



EQUIP 

HARDWARE 
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PICKiNG LIST 



DESCRIPTION 








HITACHI CORDLESS DRILL 
9.6v 1/2 INCH CHUCK 

Sldch rome Socket Set ~ 
Imperial 1/2 inch 

Electric Plane ~~ 
Makita Power Plane 

Screwdriver set ~~ 
Sidchrome Philips Head 

Pliers Bullnosed ~ 
Mechman Electricians Pliers 

Needlenosed Pliers 

Piontant Pliers Drop 
Forged 



v '■•.'■& : »* v ^'^^. 



Picked 





Adjustable Grips 
sN^****^! Sidchrome 

- _ _ _ I 1/2 mch_and_2_inch 

— Carpenters Saw ~ 
14 inch Blade 




1 
1 



Customer 
Mrl.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 

Date Picking List Printed 11/3/2001 




MB 


EQUIP 




• HARDWARE 



YOUR HARDWARE HANDYMAN SPECIALISTS 



Customer 

Mr I.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 
Date 11/15/2001 




DESCRIPTION 



EACH 



TAX 



TOTAL 



HITACHI CORDLESS DRILL 
9.6v 1/2 INCH CHUCK 




46.50 



46.50 



Sidchrome Socket Set 
Imperial 1/2 inch 




52.50 



52.50 



0 

ackordered 



Electric Plane 

Makita Power Plane 




106.50 



106.50 



Screwdriver set 

Sidchrome Philips Head 




2.00 



6.00 



Pliers Bullnosed 

Mechman Electricians Pliers 




6.00 



6.00 



Needlenosed Pliers 

Piontant Pliers Drop 
Forged 

Adjustable Grips 
Sidchrome 
1/2 inch and 2 inch 




1.50 



4.50 



1.50 



4.50 



Carpenters Saw 

14 inch Blade 



11.50 



11.50 



quip would like to thank you for your order. 

¥e look forward to having you shop with us 
gain. 



SUBTOTAL 

FREIGHT 

TOTAL 



128.50 



4.00 



132.50 
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JjslTlUll from Joe Citizen 11.20pm, Wednesday, Dec 5, 2001 



SUBJECT: re:CQ+S 
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The Leopard, is an elegant, long-bodied cat with a pro- 
portionally smaller head, sturdy legs of medium length 
and a long tail, more sinuous in its movements than me 
heavier bodied Npn and tiger. 

Leopards are found in a wide range of habitat, from 
feat to s^anna and forest. Once found through most of 
Africa and through the Middle East to Java, they are stM 
fairly common in some parts of central and east Africa 
and there are scattered populations in east Africa and 
many pans of Asia. The close soft coat of the leopard is 
short and sleek in tropical areas, longer in colder climates 
In India it often seems to prefer to live near villages 
where it preys on dogs, goats, calves and chickens. The 
leopard can be a very secretive animal and is a stealthy 
hunter Depredations on domestic livestock may be out- 
weighed by their control of baboons, cave rats, and other 
animals that destroy crops. Other prey includes almost 
? " g f f Slopes to rodents, hares, frogs, and even 
dung beetles.They are strong swimmers and climb well 
often carrymg carcasses 20 feet (6. m) up into a tree ' 
The leopard can be a very secretive animal and is a 
stealthy hunter. In areas where it is hunted, the Leopard is 
nociurnal and seldom seen except in reserves where it has 
bjome used to vehicles and may be seen hunting in the/ 

Although solitary, there have been reports of males su/ 
^mg with their mates and even helping rear cjA?and 
^T°up of up tosixji avo oecaMunally - ' 



As?a COmrn0n ,eopard ls found Parts of jM^M 



The black Panther is a black 
leopard which has black 
rosettes on a black back- 
ground. 



Leopards have up to four 
cubs in their litters after a 98 
day gestation period. 



Email 



from Joe Citizen 11.20pm, Wednesday, Dec 5, 2001 
george@memjet.com 



CC : 

SUBJECT: re: cats 



L 



it 



The Leopard, is an elegant, long-bodied cat with a proportionally smaller head, sturdy legs of medium length and a long tail more sin- 
uous in its movements than the heavier bodied lion and tiger. 

^ f ° und ™ a wide ran 8 e ° f habitat, from dsssa to savanna and SsiSSi. Once found through most of Africa and through the 
Middle East to Java, they are still fairly common in some parts of central and east Africa and there are scattered populations in east 
Africa and many parts of Asia. The close soft coat of the leopard is short and sleek in tropical areas, longer in colder climates 

In India it often seems to prefer to live near villages where it preys on dogs, goats, calves and chickens. The leopard can be a very 
secretive animal and is a stealthy hunter. Depredations on domestic livestock may be outweighed by their control of baboons 1 cave 
rats, and other animals that destroy crops. ' 




TO* George <george@memjet.com> 

T ti : Joe Citizen<j.citizen@citizenplace.com> 
L Wednesday, December 5, 2001 11.20pm 
Subject: re: cats 

Afc* Zone. 



4 



s^s^ri^'sgs ss* proport,onally " MUer head - sturdy ,ess of med,urt ,eng,h - d a iong ^ more ~ * 

They are strong swimmers and 
climb well, often carrying car- 
casses 20 feet (6 m) up into a tree. 
Depredations on domestic live- 
stock may be outweighed by their 
control of baboons, cave rats, and 
other animals that destroy crops. 
Other prey includes almost any- 
thing from antelopes to rodents, 
hares, frogs, and even dung bee- 
tles. They are strong swimmers 
and climb well, often carrying 
carcasses 20 feet (6 m) up into a 
tree. 

The leopard can be a very secre- 
tive animal and is a stealthy 
hunter. In areas where it is hunt- 
ed, the Leopard is nocturnal and 
seldom seen except in reserves 
where it has become used to vehi- 
cles and may be seen hunting in 
the daylight 

Although solitary, there have 
been reports of males staying 
with their mates and even helping 
rear cubs, and group of up to six 
have occasionally been seen. 
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ABSTRACT 

An information distribution system for distributing customized information on print media, the 
system comprising a first series of data collection units for collecting customizable data; a network 
interconnecting the data collection units with a series of customization output printers; a series of 
customization output printers comprising: a user identification means to identify a user of the 
customization output printer; a printer activation means to activate the customization output printer; a 
pagewidth printer element for printing customized booklets; such that, upon activation of the user 
identification means and the printer activation means, the data collection units download a current 
customized booklet for the user and the printer element prints out the customized booklet. 
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